V 



(19) 



(12) 



Europ&sches Patentamt 
European Patent Office 
Office europ^en des brevets (11) E P 0 853 347 A1 

EUROPEAN PATENT APPLICATION 



(AfW Data csf nnhlinfltifw 


) int. m. . nu i ivi h/d&. nu i ivi *w*to, 




H01M 4/58 


(Oi\ Annlicattnn nuntoer 97122297 1 




(22) Date of filing: 17.1 2.1 997 




(84) Designated Contracting States: 


• Murata, Toshihlde 


AT BE CH DE DK ESFI FRGB GR IE IT LI LUMC 


Izumiotsu City 595 (JP) 


NLPTSE 


• BHo, Ybsuhiko 


Dnsinnated Extension States* 


NGnamikawachi-gun, Osaka Pref. 587 (JP) 


ALLTLVMKROSI 


• Toyoguchi, Yoshinori 




Yao City 581 (JP) 


(30) Priority: 20.12.1996 JP 341012/96 




10.03.1997 JP 54947/97 


(74) Representative: 


04.06.1997 JP 163285/97 


Jung, Elisabeth. Dr. et al 




PatentanwSlte, 


(71) Applicant: 


Dr. Elisabeth Jung, 


MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 


Dr. Jurgen Schirdewahn, 


Kadoma-shi, Osaka-fu 571 (JP) 


Claus Gernhardt, 




Postfach4014 68 


(72) Inventors: 


80714 MQnchen (DE) 


• Ito, Shuji 


Akashi-aty 674 (JP) 





(54) Non-aqueous electrolyte secondary battery 

(57) The present invention provides a non-aqueous 
electrolyte secondary battery having an anode active 
material with a high capacity and excellent cycle char- 
acteristics. The active material comprises a salt gener- 
ated reacting a metal or a semi-metal and a compound 
selected from the group consisting of oxo-acids, tNocy- 
anic acid, cyanogen, and cyanic acid, wherein each 



said oxo-acid comprises an element selected from the 
groqp consisting of nitrogen, sulfur, carbon, boron, 
phosphorus, selenium, tellurium, tungsten, molybde- 
num, titanium, chromium, zirconium, niobium, tantalum, 
manganese, and vanadium, salts of said oxo-acids of 
phosphorus and boron being restricted to hydrogen- 
phosphates and hydrogenborates. 




Printed by Xensc (UK) Business Services 
2.16.3/3,4 



EP0853 347A1 

Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to an improvement in anodes of non-aqueous electrolyte secondary batteries. 

Non-aqueous electrolyte secondary batteries including lithium or a lithium compound for the anode are expected 
to have a high voltage and high energy density, and therefore, they are extensively studied. 

Known cathode active materials for the non-aqueous electrolyte secondary batteries are oxides and chalcogens of 
transition metals, such as LiMr^O^ UCoO^ LiNiC^, V 2 0 5 , Cr 2 Os, Mn0 2 , TISj, M0S2 and the like. These compounds 
10 have a layered or tunneled crystal structure to allow lithium ions to freely intercalate and deintercalate. The use of 
metallic lithium for the anode active material has intensively been examined. Such use, however, has a drawback; lith- 
ium dendrite occurring on the surface of metallic lithium in the course of charging results in lowering the charge-dis- 
charge efficiency and may come into contact with the cathode to cause an inner short circuit- 
In order to solve this problem, the potentials for application of lithium alloys, such as lithium-aluminum, which can 
15 depress the growth of lithium dendrite and absorb and desorb lithium, for the anode have been studied. However, when 
lithium alloys are used for the anode, repeated charge and discharge causes pulverization of the alloys, posing a prob- 
lem of poor cycle life characteristics. 

There are proposals for solving this problem by inhibiting pulverization of the alloys by including adcfitionaJ elements 
in the lithium-aluminum alloy (for example, Japanese Laid-Open Patent Publication Sho 62-1 19856 and Hei 4-1 09562), 
20 although the improvement is not sufficient Lithium ion batteries recently developed have anodes composed of carbon 
material that reversfcJy intercalates and deintercalates lithium and has excellent cycle characteristics and safety though 
having a smaller capacity than those of the anode active materials mentioned above. 

With a view to enhancing the capacity, a number of studies have proposed application of oxides for the anode; for 
example, crystalline oxides, such as SnO and SnC^ (Japanese Laid-Open Patent Publication Hei 7-122274 and Hei 7- 
25 235293) and amorphous oxides, such as SnSK>3, SnSi^PxC^ (Japanese Laid-Open Patent Publication Hei 7- 
288123). These oxides, however, do not sufficiently improve the characteristics. 

SUMMARY OF THE INVENTION 

30 The object of the present invention is thus to provide an anode for non-aqueous electrolyte secondary batteries 
having excellent charge-discharge cycle characteristics. 

The present invention provides an anode that absorbs lithium in the course of charging not to cause dendrite and 
has a large electric capacity and an excellent cycle life. 

The present invention is directed to a non-aqueous electrolyte secondary battery comprising a cathode capable of 

35 being charged and discharged, a non-aqueous electrolyte, and an anode capable of being charged and discharged, the 
anode having an active material that comprises a salt of a metal or a semi-metal and a compound selected from the 
group consisting of an oxo-acid, thiocyanic acid, cyanogen, and cyanic acid, wherein the oxo-acid is one of an element 
selected from the group consisting of nitrogen, sulfur, carbon, boron, phosphorus, selenium, tellurium, tungsten, molyb- 
denum, titanium, chromium, zirconium, niobium, tantalum, manganese, and vanadium. 

40 W is preferable that the metal or the semi-metal constituting the metal salt or the semi-metal salt is at least one 
selected from the group consisting of Al. Sn, Si, Pb, Cd, B, In, Zn, Mg, Ge, Ga, Ca, Ba, lr, Sb, Tl, V, Cr, Mn, Fe, Co, Ni, 
Cu, Mo, W, and Nb. Especially preferable are Sn, Pb, In, and Bi. 

The present invention gives a non-aqueous electrolyte secondary battery that is free from a short circuit due to den- 
drite and has a high energy density, an excellent cycle life, and a high reliability. 

45 While the novel features of the invention are set forth particularly in the appended claims, the invention, both as to 
organization and content, will be better understood and appreciated, along with other objects and features thereof, from 
the following detailed description taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

50 

Fig. 1 is a vertical sectional view schematically illustrating a test cell used for evaluating the electrode characteris- 
tics of active materials in accordance with the present invention. 

Rg. 2 is a vertical sectional view schematically illustrating a cylindrical battery including an anode in accordance 
with the present invention. 

55 

DETAILED DESCRIPTION OF THE INVENTION 

As discussed above, the anode of the present invention comprises a metal salt or a semi-metal salt of a specific 
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acid or cyanogen. 

In the following description, salts of a cfivalent metal M" are given as examples. Salts of nitrogen oxo-acids include 
nitrates M^NOjfe and nitrites M^NO^- 

Salts of sulfur oxo-acids include sulfates M H S0 4 , sulfites M II SQ 3> disulfates M'^O/, peroxomonosulfates M n S0 5 , 
5 peroxodisutfates M'^Qb, thiosuffates M ,, S 2 0 3 , disunites rv^'S^, thiosutfites M l, S 2 0 2 , hydrogensuffates such as 
M M (HS0 4 )2. thionates such as cfithionates r^'SaOg and drthionrtes M ,l S 2 0 4 . sulfoxylates such as M ,, S0 2 , and hydro- 
gen-containing acid salts. 

Preferable salts of phosphorus oxo-acids include hydrogenphosphates such as M"HP0 4 and M ,, (H 2 P0 4 ) 2 , phos- 
phinates M'^PHgC^. and phosphonates M"PH0 3 . 
10 Salts of carbon oxo-acids include carbonates M ll C0 3 and hydrogencarbonates M u {HCO$ 2 - 

Preferable salts of boron oxo-acids include hydrogenborates such as M'^BO^ and M l, HB0 3 . 

Salts of selenium oxo-acids include selenates M u Se0 4l selenrtes M M Se03, M M Se0 5 , hydrogenselenates 
M ll (HSe0 4 } 2 . and hydrogenselenrtes M ll (HSe0 3 ) 2 . 

Salts of tellurium oxo-acids include tellurates such as M n 3 Te0 6 and M"Te0 4 , and hydrogentellurates such as 
75 M" 5 (H 5 Te06)2, M'^TeOg, M'^HaTeOgk. and M n H 4 Te0 6 . 

Available thiocyanates include M'^SCNfe, while available cyanides and cyanates include M"(CN)2 and M l, (ONC) 2 . 

The metal salt and the semi-metal saft of the present invention are, however, not restricted to the above chemical 
compositions. 

Among the above salts, sulfates, hydrogensuffates, carbonates, hydrogenborates, and hydrogenphosphates are 
20 preferable for the improvement in cycle characteristics. 

The following gives salts of oxo-acids of transition elements W, Mo, Ti, Zr, Nb, Ta, Mn, and V as examples. In the 
following formulae, M n> represents a trrvalent metal or semi-metal. 

Available tungstates include M"W0 4 , m'VvOs, M nt W0 6 . Available molybdates include M N Mo0 4 and M n, Mo 4 0 6 . 
Available tftanates include M lh nQ3, M ll TO 4l (M%TtO b , and M lh Tl 3 07. 
25 Available zirconates include M ll Zr0 3 and M n Zr0 4 . Available chromates include M ll, Cr0 3 , M M Cr0 4 , M n Cr 2 0 4 , and 
(M MI ) 2 Cr0 6 . Available niobates include M'^bO* M'^Oe, and (M'^Nb^. 

Available tantalates include M m Ta0 4 and ^%Ja 2 0 7 . Available manganates include M n Mn03, (M ,ll ) 2 Mn0 4 , and 
(M llf )2Mn0 6 . Available vanadates include nVVO* (M'^VOs, and 

Preferable are chromates, tungstates, molybdates, vanadates, manganates, and tantalates, and especially prefer- 
30 able are chromates, tungstates, and molybdates for the improvement in cycle characteristics. 

The metal salt and the semi-metal salt of the present invention are, however, not restricted to the above chemical 
compositions. 

The present inventors have made an intensive study on the availability of various metal salts and semi-metal salts 
as the negative electrode material, ft was found that such compounds can serve as the negative electrode materials 
35 with a high capacity and exceptional cycle life characteristics that have a crystal structure in which the metal or semi- 
metal is surrounded by a) the salts including oxygen and any one of nitrogen, sulfur, phosphorus, carbon, boron, sele- 
nium, and tellurium, such as saris of oxo-acids of nitrogen, sulfur, phosphorus, carbon, boron, selenium and tellurium 
or by the salts further including hydrogen such as hydrogen-containing oxo-acids; b) cyanides containing nitrogen and 
carbon; c) cyanates containing nitrogen, carbon and oxygen; or d) thiocyanates containing nitrogen, carbon and sulfur 
40 and in which those salts are bonded to the metal or semi-metal by ionic force. 

The present inventors also discovered that such compounds can also serve as the negative electrode materials 
with a high capacity and superb cycle life characteristics that have a crystal structure in which the metal or semi-metal 
is surrounded by the salts of axo-acid of a transition element inducting oxygen and any one of tungsten, molybdenum, 
titanium, chromium, zirconium, niobium, tantalum, manganese and vanadium, that is, tungstates, molybdates, trtan- 
45 ates, zirconates, chromates, niobates, tantalates, manganates and vanadates. 

The prior art metal oxides have the greater tendency of covalent bonding and tougher skeletons than those of the 
metal salts and semi-metal salts in accordance with the present invention. While the prior art metal oxides are pre- 
sumed to be relatively brittle under the conditions of expansion and contraction accompanied by intercalation and dein- 
tercalation of a large amount of lithium, however, the metal satis and semi-metal salts of the present invention are 
so expected to be relatively tough under the conditions of expansion and contraction accompanied by intercalation and 
deintercalation of a large amount of lithium, ft is also found that the existence of hydrogen in the salts of oxo-acids fur- 
ther improves the cycle characteristics, although the details have not yet been elucidated. 

The chemical compositions of the metal salts and the semi-metal salts discussed above represent only examples 
of divalent or trrvalent metals and semi-metals. Chemical compositions of metal salts and semi-metal salts of different 
55 valences should be apparent to the skilled in the art For example, selenates can be expressed by the following general 
formulae as the metal salts and semi-metal salts of the valence m: 

MgtSeO^, M^SeOa)*,, f^SeO^. NKHseO^. and M(HSeCy m . 
Some examples in accordance with the present invention are given below, although the anode material of the 
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present invention is not restricted to the chemical compositions discussed in these examples. 
Example 1 

Test cells shown in Fig. 1 were manufactured and tested for evaluation of the electrode characteristics of various 
metal and semi-metal nitrates and nitrites specified in Tables 1 and 2 and used as the anode active material. 

Referring to Fig. 1. numeral 1 designates a test electrode composed of a molded mixture containing an active mate- 
rial. The test electrode 1 is arranged on the substantial center of a battery casing 2. A separator 3 of a micro-porous 
polypropylene film was placed on the test electrode 1 . After injection of an electrolyte solution, the opening of the bat- 
tery casing 2 is sealed with a sealing plate 6 having a counter electrode 4 composed of a metallic lithium cfisc of 1 7.5 
mm in diameter on the inner surface thereof and a polypropylene gasket 5 on the circumference thereof. This completes 
a test cell. 

The mixture included 6 g of an active material powder, 3g of graphite powder as a conductive agent, and 1 g of pol- 
yethylene powder as a binding agent. The test electrode 1 was obtained by press molding 0. 1 g of the mixture to a disc 
of 17.5 mm in diameter. The electrolyte used was prepared by dissalving lithium perchtorate (IJCIO4) at a concentration 
of 1 mol/l in a 1:1 mixed solution (volume ratio) of ethylene carbonate and dimethoxyethane. 

At a constant electric current of 2 mA, the test cell was subjected to cathode polarization (which corresponds to 
charging in case that the active material-containing electrode is considered as the anode) until the electrode potential 
became 0 V with respect to the lithium counter electrode. The test cell was then subjected to anode polarization (which 
corresponds to discharging) until the electrode potential became 1 .5 V woth respect to the counter electrode. After the 
repeated cathode polarization and anode polarization, and the electrode characteristics were evaluated. 

For the purpose of comparison, electrodes were manufactured in the above manner using the known compounds 
shown in Table 3. that is. crystalline oxides WOg, F^C^, SnO, and PbO, sulfides SnS and PbS. and amorphous metal 
oxides SnSf0 3 and SnSi 0 .8f > o.2 0 3.i > and test celts were assembled and tested under the same conditions for evaluation 
of the electrode characteristics. 

Tables 1 through 3 show the discharge capacities per one gram of the active material in the first cycle. 

The measurement proved that all the test cells of Example 1 were capable of being charged and discharged. After 
the conclusion of cathode polarization of these test cells in the tenth cycle, the test cells were decomposed. No deposit 
of metallic lithium was observed in any of the test cells of Example 1. 

The above experiments show that cathode polarization makes lithium absorbed in the electrodes including the 
active materials of Example 1 and anode polarization makes the absorbed lithium released from the electrodes, thereby 
causing no deposit of metallic lithium. The electrodes of Example 1 have higher capacities than those of the compara- 
tive examples. 

Cylindrical batteries shown in Fig. 2 were manufactured and tested for evaluation of the cycle characteristics of the 
batteries using various metal and semi-metal nitrates and nitrites of Example 1 . 
Each battery was manufactured in the following manner. 

A cathode active material LiMn 1 qCoq 2 0a was prepared by mixing U2CO3, Mr^O* and C0CO3 at a predetermined 
molar ratio, heating the mixture at 900 °C, and classifying the mixture to or below 100 meshes. 

A paste was prepared by mixing 1 00 g of the cathode active material, 10 got carbon powder as a conductive agent, 
and 8 g (as the resin) of aqueous dispersion of polyethylene tetrafluoride as a binding agent, and pure water. The paste 
was applied onto a titanium core member, dried, and rolled out to a cathode plate. 

An anode plate was manufactured by mixing a metal or semi-metal nitrate or nitrite as an active material, graphite 
powder as a conductive agent, and Teflon powder as a binding agent at the weight ratio of 60 : 30 : 1 0. adding a petro- 
leum solvent to the mixture to yield a paste, applying the paste onto a copper core member, and drying it at 100 °C. A 
micro-porous polypropylene film was used as a separator. 

A cathode plate 1 1 with a cathode lead 14 which is composed of the same material as that of the core member and 
attached to the cathode plate 1 1 by spot welding, an anode plate 12 with an anode lead 15 welded thereto, and a sep- 
arator 1 3 having a greater width than those of these electrode plates 1 1 and 1 2 were wound in spirals to constitute an 
electrode group. Polypropylene insulating plates 16 and 17 were placed on the top and bottom of the electrode group, 
and the assembly was inserted into a battery casing 18. After formation of a step on the upper portion of the battery 
casing 1 8 and injection of the same non-aqueous electrolyte as that of the above-mentioned test cell, the battery casing 
18 was sealed with a sealing plate 19 having an anode terminal 20. This completes a battery. 

The batteries constructed as above were subjected to a charge-discharge cycle test at a temperature of 30 °Cand 
a charge-discharge current of 1 mA/cm 2 in a charge-discharge voltage range of 4.3 V to 2.6 V. A rate of the cfischarge 
capacity at the 1 00-th cycle to the discharge capacity at the second cycle (hereinafter referred to as capacity mainte- 
nance rate) was measured. 

Anode plates were prepared and test batteries were assembled in the above manner for the comparative examples. 
The cycle characteristics of the comparative examples were also evaluated under the same contftiorts. 
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Tables 1 throu^i 3 shew the results of evaluation. 

Table 1 



Salt 


Discharge capacity 


Capacity 




CmAh/g) 


maintenance rate(%) 


A 1 (N0 3 )3 


2 8 4 


7 5 


A I (N0 2)j 


3 2 6 


7 3 


S n(N0 3 )4 


3 4 6 


8 6 


Sn(NOz)* 


3 8 9 


8 4 


Sn(NOj)i 


4 8 5 


8 4 


S n(NOi)» 


5 1 0 


8 2 


S i (N0 3 >4 


3 9 0 


8 3 


S i (NO*)* 


4 3 5 


8 4 


Pb(N03>2 


3 5 6 


8 3 


Pb(N02>2 


3 9 4 


8 2 


C d(N03>2 


3 2 0 


7 8 


C d(N02>2 


3 3 6 


7 7 


B i (N O 3)3 


2 9 8 


7 8 


B i (NOi)j 


3 2 4 


7 5 


I n(N0s)3 


3 4 6 


7 8 


I n ( N 0 2)3 


3 7 5 


7 5 


7 n f N O 3^2 


2 8 9 


7 5 


7 n f N O 2^2 

£s 11 V l ' v z / z 


3 2 6 


7 9 


G a (NO 3)3 


3 3 5 


7 5 


G atNOils 


3 6 2 


7 2 


G e (N O 3)4 


3 6 7 


7 4 


G e (NO 2)4 


4 0 0 


7 2 


Mg(NO»)i 


2 9 6 


8 1 


Me(NO:)i 


3 3 4 


7 9 


Sb(NOO> 


4 2 5 


7 5 


S b(NO:)i 


4 3 3 


7 3 


T i (NO»)« 


2 7 5 


8 0 


V(NOO> 


2 5 5 


8 4 


C r(N0 2 )3 


2 8 5 


8 2 


Mn(NO.)« 


2 6 3 


8 3 


Fe(NOs)* 


2 7 4 


8 1 


Co(NO»). 


2 6 9 


8 0 


N i (NOi). 


2 7 1 


8 0 


Cu(NO»)» 


2 6 5 


7 8 


Mo(NOs)» 


2 2 2 


7 7 


W(NO»>4 


2 1 5 


8 0 


Nb(N0 s )3 


2 2 0 


7 9 


Ca(NOs)» 


2 8 6 


7 9 


Ba(NO>)> 


275 


8 0 


I r(NO»)« 


2 6 6 


8 1 


..Sr(NO»). 


2 86 


7 9 
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Table 2 



Salt 


Discharge capacity 
(mAWg) 


Capacity maintenance 
rate(%) 


Ban aaSnn erfNOs)? 

V,W \J,SJ i \ M#£ 


425 


86 


Can 'ttSrin fi?(NO»)o 


433 


85 


Srn ^aSrin R7(NO^)o 


443 


85 




435 


85 


Mlln T^Srin 7a(N0q)o 


410 


86 


F©n loSfln aa(NOt)o 

"U.lc vl.OOX O/fc 


451 


85 


Con lASnn op(NO>)p 


444 


87 


ClJn iftSrin fo(NQa)o 


435 


86 


Tlni9SrV)f»(NOt)9 


436 


85 


Zrin i oSrin oofNO^^o 


442 


87 


CTn loSrin c»(NOa)o 
v 'U.lc V.oScV 


440 


86 


Vn loSno ftofNCXV) 


421 


87 


Ban *wSnn (rzfNOi^o 


312 


85 


Can -wPbn ctCNCMo 


319 


87 


STn qaPbn K7(NO>)o 


329 


87 




326 


85 




333 


84 




329 


86 


Con i«Pbn *»(NO*V> 


326 


85 


Cun ioPbn k>(NOoV> 


319 


87 


Tin i?Pt)n r^NQjV? 


314 


81 


Zrti -ioPbn qq(NOq)o 


329 


83 


Crn/i2Pbo.ae(N03)2 


320 


84 




301 


87 




324 


82 


COo.27lno.82(NQ3)3 


315 


83 


CUo27lno.82(NQ3)3 


310 


84 


"HoZ/Bio^NOafe 


275 


80 




284 


79 



Table 3 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 




190 


9 



6 
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Table 3 (continued) 





Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


5 


FezOa 


185 


10 




SnO 


522 


5 




SnSi03 


453 


20 




PbO 


453 


2 


70 


SnS 


498 


6 




PbS 


436 


3 




SnSio.sPo.203.1 


406 


25 



15 

The batteries using the metal or semi-metal nitrate or nitrite of Example 1 as the anode active material have the 
improved cycle characteristics, compared with the prior art metal oxides. 

Example 2 

20 

Test cells discussed in Example 1 were manufactured and tested under the same conditions as those of Example 
1 for evaluation of the electrode characteristics of various metal and semi-metal carbonates and hydrogencarbonates 
specified in Tables 4 and 5 and used as the anode active material. Tables 4 and 5 show the discharge capacities of the 
test cells in the first cycle. 

25 The measurement proved that all the test cells of Example 2 were capable of being charged and discharged. 

After the conclusion of cathode polarization of these test cells in the tenth cycle, the test cells were decomposed. 
No deposit of metallic lithium was observed in any of the test cells of Example 2. 

The above experiments show that cathode polarization makes lithium absorbed in the electrodes comprising the 
active materials of Example 2 and anode polarization makes the absorbed lithium released from the electrodes, thereby 
30 causing no deposit of metallic lithium. 

Cylindrical batteries discussed in Example 1 were manufactured and tested under the same conditions of those of 
Example 1 for evaluation of the cycle characteristics of the batteries using various metal and semi-metal carbonates 
and hydrogencarbonates of Example 2. Tables 4 and 5 show the capacity maintenance rates at the 100-th cycle. 
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Table 4 



Salt 


Discharge capacity 


Capacity 




GnAh/g) 


maintenance rate(96) 


A l 2(003)3 


3 4 2 


7 5 


A ] (H C Oa)* 


3 0 6 


8 6 


S n (C 0 5 )a 


4 9 3 


8 6 


SnCOi 


5 3 4 


8 2 


S n (H C Os)< 


4 2 4 


9 2 


S n(HC 03)2 


4 9 0 


9 0 


S i (COj)2 


3 7 8 


8 1 


S i(HCOj)i 


3 6 5 


8 9 


P b C Os 


4 4 1 


8 2 


P b(HC Os)* 


4 0 2 


8 4 


CdCOi 


3 9 7 


7 5 


C d(HC 03)2 


3 6 5 


8 5 


B i i(CO»)» 


3 6 9 


7 3 


B i (HC Os)j 


3 0 5 


7 8 


I n i(CO»)> 


4 6 1 


7 6 


I n(HC 0»)s 


3 8 6 


8 5 


Z n C Os 


2 9 8 


7 2 


Z n (HC Os)i 


2 6 8 


8 2 


Ga»(CO>)j 


3 3 4 


7 3 


0 Dint Uijs 


QIC 

oil) 


7 5 


Ga(HCOs)s 


3 12 


7 9 


Ge(COi). 


3 6 5 


7 5 


Ge(HCO.)» 


3 3 5 


8 3 


MgCOs 


3 0 4 


7 9 


Mg(HCOs)* 


2 9 2 


8 5 


T i i(CO»)i 


2 9 8 


7 5 


Mn CO* 


2 6 3 


86 
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Table 4-continued 



Salt 


Discharge capacity 


Capacity 




(mAn/g; 


maintenance rate(96) 


VCOs 


19 8 


8 6 


C r »(C 0»)a 


o r» o 

2 6 3 


8 2 


FeCOs 


2 4 6 


8 4 


C o C Os 


2 5 9 


8 3 


N i COa 


2 6 4 


8 1 


CuCOa 


o c o 

Z 5 3 


o o 

8 Z 


Mo C Os 


2 2 1 


8 2 


BaCOs 


2 5 6 


8 0 


C a C Oa 


2 6 3 


7 5 


W(C0 3 )2 


2 1 5 


7 5 


I r2(C0a)» 


3 2 1 


7 3 


S b 2 (C0 3 )3 


3 6 5 


7 8 


Nb(CO*)s 


1 8 7 


8 0 


SrCOs 


2 7 3 


7*5 



Table 5 





Salt 




Discharge capacity 
(mAh/g) 


Capacity 
maintenance rate(%) 


B ao. i 


S no. 


■ COs 


4 9 8 


8 4 


C ao. i 


S no. 


>co> 


4 8 5 


8 5 


S r o. j 


S no. 


.CO. 


4 9 5 


8 5 


Mgo. a 


S no. 


• COs 


5 0 0 


8 6 


Mn o. j 


iSno. 


• CO. 


4 8 2 


8 5 


Feo. s 


rS no. 


.CO. 


4 7 9 


8 7 


Coo. i 


>S no. 


.CO. 


4 8 6 


8 6 


C Uo. i 


(S no. 


.CO. 


4 9 3 


8 5 


T i o. a 


>S no. 


rCO> 


4 7 5 


84 


Zno. j 


>S no. 


.CO. 


4 8 2 


8 5 


Cr..i 


iS no. 


iCO. 


4 7 3 


8 5 


Moo. 1 


iS no. 


.CO* 


4 5 9 


8 6 


B ao. i 


t P bo 


.CO. 


4 2 1 


8 3 


C ao. a 


rPb.. 


.CO. 


4 1 6 


8 5 


S r o. i 


tP bo 


.CO. 


4 16 


8 5 


Mgo. i 


.P bo. 


.CO. 


4 2 2 


84 


Mn o. i 


tP bo. 


.CO. 


4 1 8 


87 


Feo. i 


.P bo. 


.CO. 


4 0 9 


8 6 


C O o. a 


.P bo. 


.CO. 


4 1 7 


8 5 


C Uo. a 


.P bo. 


.CO. 


4 1 5 


8 4 


T i7"i 


tP bo. 


»co. 


3 9 8 


8 5 
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Table 5-continued 



Dal I 


111 c#* Kill" 00 ronari f- \r 


uici in teniince rsi lsv, to ^ 


7 n « * P K « c P P) » 


a n r 

*x \j 0 


O D 


P r « . P h * t P O « 
I 0. 1 r DO. 7 w 3 


4 ft 3 

H V/ O 


O O 


Mrt* , P K . « P H » 
i»I oo. Z r OO. B U U3 


3 Q R 

O \7 O 


ft 7 


Vr 6 0.31 U 0. 8y2VVy U 3/3 


1 0 


7 Q 


O0. 3 I no. * )2\Ks \J ZJ* 


a 1 n 


q n 
0 U 


V.V^ liO. 3 1 HO. & j2\Vs \J 3J3 


AIR 


ft 1 
0 1 


V.1 1 o. 2D 1 o. aJu^/ Usj3 


Q A 9 
O 4 £ 


7 ft 


Uno. 3D 1 o. bJjVU U Jys 


Q 3 1 


7 7 
/ r 


oao. 2b no. sin t U3jj 


A C O 
4 D / 


n 0 


Lao. iono. »trloU3;» 


4 4 1 


y 4 


S ro. iSno. unlOa;? 


4 it 0 
4 4 0 


9 4 


Mgo. »S no. eCHCOsJi 


A C 1 

4 b 1 


9 3 


\m _ o — . / it r\ \ 

Mno. 20 no siHCOsji 


>l j* O 

4 4 a 


9 1 


Feo. 2S110. slHCOsja 


>• 0 n 
4 0 9 


9 Z 


lOo. 2b no. stHlUija 


4 4 1 


9 1 


Cuo. 20 no. bIHL03;i 


/tec 
4 0 b 


9 Z 


1 1 0. 20 HO. 7tHLU3j2 


>l Q O 
4 O Z 


9 


Z n 0. 20 no. stnOUaJ* 


yl x n 
4 4 1) 


y 0 


*• » /urn 
C To. 20 no. TVntUsJj 


/I 9 O 

4 ^ y 


y 4 


Mod. i 0 n 0 »\.n t Us^ 


/i 9 n 

4 ^ U 


y 4 


t> ao. ir Do. alntUsjj 


3 ft /I 
O O 4 


a ft 
0 0 


1 a 0. 2 r Do. B^rl L U 3^2 


3 7 9 


ft a 
0 y 


0 To. ir Do. 8vn L U3^a 


3 7 9 


ft 0 
0 y 


Mgo. ir Do. »VrtL/U»y2 


3 A 9 
O O £ 


ft 7 


Mno. ir Do. 8vnLU3y2 


3 7 1 
O f 1 


a n 
y u 


r Co. 2r Do. B\n V/ U3y2 


3 fi 7 


Q 1 


^ Oo. 2r Do. 8vn U U3/2 


3 7 1 


q n 


V* U 0. 2r DO. 8V.ll W 3 / 2 


37Q 


A Q 

O *7 


T i 0 iPbo T (HC0»)i 


3 5 2 


8 9 


Zn». iP bo i(HCOi): 


3 6 8 


9 0 


C r». iP bo. j(HCO>)i 


36 9 


9 0 


MOo. *P bo. .(HCOs)a 


3 5 7 


9 1 


Feo. 3 1 no •(HCOj)i 


3 6 5 


8 6 


C 00. 3 1 no. .(HC0>)i 


3 5 9 


8 8 


C U 0. s I no. s(H C Os)a 


35 8 


8 7 


T i 0. *B i 0. .(HC0»)» 


30 1 


8 6 


Zno. »B i 0. i(HC00» 


28 6 


8 7 



The batteries using the metal or semi-metal carbonate or hydrogencarbonate of Example 2 as the anode active 
material have the improved cycle characteristics, compared with the prior art metal oxides. Especially the use of hydro- 
gencarbonates has remarkably improved the cycle characteristics. 
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Example 3 

The electrode characteristics of various metal and semi-metal hydrogenborates specified in Tables 6 through 8 and 
used as the anode active materia) were evaluated in Example 3. 
5 Test celts discussed in Example 1 were manufactured, and the discharge capacities were measured under the 
same conditions as those of Example 1 . The results of measurement are shown in Tables 6 through 8. 

The measurement proved that all the test cells of Example 3 were capable of being charged and discharged. 
After the conclusion of cathode polarization of these test cells in the tenth cycle, the test cells were decomposed. 
No deposit of metallic lithium was observed in any of the test cells of Example 3. 
10 The above experiments show that cathode polarization makes lithium absorbed in the electrodes comprising the 
active materials of Example 3 and anode polarization makes the absorbed lithium released from the electrodes, thereby 
causing no deposit of metallic lithium. 

Cylindrical batteries discussed in Example 1 were manufactured, and the capacity mairrtence rates at the 100-th 
cycle were measured under the same conditions as those of Example 1. The results of measurement are shown in 
is Tables 6 through 8. 



Table 6 



20 


Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 




AljKHBQafc 


305 


78 






294 


80 


25 


SnHB0 3 


532 


83 




SnCHBOafe 


453 


85 




SnfHjjBOak 


405 


86 




SnCHsBOsfe 


493 


85 


30 


Si(HBQ3) 2 


326 


82 




Si(H2BQ3) 4 


296 


83 




PbHB0 3 


443 


84 


35 


Pb{H 2 B03)2 


421 


86 




CdHBOa 


328 


84 




Bi^HBQafe 


312 


79 






289 


81 


40 


IrtfHBC^ 


385 


84 




IrKHgBCWg 


368 


86 




ZnHBCb 


268 


79 


45 


Zn{H 2 B0 3 ) 2 


268 


81 






338 


79 




Gaf^BQafc 


312 


82 




QetHBQjfe 


352 


85 


50 


GefHzBOafe 


335 


87 




MgHBCfe 


296 


84 




Mg(H 2 B03) 2 


286 


86 



55 
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Table 7 



San 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 




310 


80 


Bao.iSr\o.9HB0 3 


486 


84 


CaojSno^HBOs 


482 


85 


Sro.iSno.9 HB Q3 


482 


85 


MgdSrio^HBOa 


479 


84 


Zno-jSno^HBOs 


481 


86 


CuoiSooqHBOq 


469 


87 


CoojSno^BOs 


467 


85 


FeniSnngHBOo 


461 


86 


Ni 0 iSnngHBOo 


449 


87 


TlnpSnnyHBOs 


459 


86 


Cro-iSnoyHBOa 


449 


88 


VniSnnoHBOs 


429 


87 


Mon iSnoqHBOa 


438 


87 


WoiSnosHBOa 


429 


86 


(MnoslnogfelHBOafe 


352 


82 


(Nk).3lno.8)2(HB03)3 


357 


85 


(Coo. 3 lno.a)3(HB03)3 


349 


85 


(Mno. 3 Blo.9)2(HB03)3 


291 


82 


(Ni 03 Bio8)2(HB03)3 


281 


82 


(Coo. 3 Bio.a)3(HB03)3 


279 


83 



Table 8 



Sart 


Discharge capacity 
(mAgfg) 


Capacity maintenance 
rate(%) 


Bao.iPbo.9HB0 3 


421 


88 


CaojPbosHBQa 


429 


87 


SraiPbosHBOs 


429 


87 


M9o.iPbo.9HBQ3 


428 


88 


Zrio.iPbasHBOj 


420 


86 


Cuo.iPbo^HBOs 


419 


85 


COo^Pbo.gHBOs 


425 


84 


FeoiPbo^HBOs 


422 


85 


Ni ai Pbo S HB03 


428 


86 


Tio^PboyHBCb 


419 


89 
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Table 8 (continued) 



Satt 


Discharge capacity 
(mAg/g) 


Capacity maintenance 
rate(%) 


Cr ai Pbo. 7 HB03 


401 


85 


V 01 Pbo. 9 HB03 


398 


87 


Moo.iPbo.9HBQ3 


392 


86 


W 0 .iPbo. 8 HB03 


382 


87 



The batteries using the metal or semi-metal hydrogenborates of Example 3 as the anode active material have the 
improved cycle characteristics, compared with the prior art metal oxides. 

Example 4 

The electrode characteristics of various sails of oxo-acides of sulfur specified in Tables 9 through 16 and used as 
the anode active material were evaluated in Example 4. 

Tables 9 through 1 6 show the discharge capacities of the test cells and the capacity maintenance rates of the cylin- 
drical batteries at the 100-th cycle measured under the same conditions as those of Example 1 . 

Table 9 



Salt 


Discharge capacity 
(mAh/g) 


Capacity 
maintenance rate(%) 


A 1 .(SO*). 


3 8 9 


8 2 


A 1 .(SOi). 


4 0 5 


7 7 


A 1 2 (S»07)s 


3 4 2 


8 3 


A 1 «(S0»)3 


3 7 0 


8 1 


A 1 j(S20.)j 


3 3 8 


8 5 


A 1 2(S 2 0 5 )s 


3 7 5 


8 1 


A 1 2(SzOe)» 


3 6 4 


8 2 


A 1 >(S>00> 


3 7 2 


8 3 


A 1 .(StOt)s 


3 7 8 


8 3 


A 1 «(S»0«)i 


3 6 4 


84 


A 1 >(SOO> 


4 1 5 


8 0 


Sn(SOO» 


4 8 2 


8 5 


Sn(SOi)» 


5 2 1 


8 0 


Sn(S»0r)2 


4 1 6 


8 6 
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Table 9-continued 



Salt 


Discharge capacity 
(aiAh/g) 


Capacity 
maintenance rate(%) 


Sn(S0»)2 


4 5 6 


8 3 


Sn(SiO.)i 


4 0 3 


8 4 


Sn(S:03). 


4 5 6 


8 2 


S n(S :0<)> 


4 2 3 


8 8 


S n(S>Os)> 


4 3 7 


8 7 


S n(S 202)2 


4 6 4 


8 4 


S n(S 204)2 


4 2 4 


8 6 


Sn(S0:)2 


5 1 0 


8 2 


S n S 04 


5 3 2 


8 2 


SnSOj 


5 5 6 


7 9 


S n S 2O7 


4 8 2 


8 5 


SnSOs 


5 0 2 


8 3 


A 1 (HS 04)3 


3 5 6 


9 1 


A 1 (H S 03)3 


3 7 5 


87 


A 1 (HSsOt) 8 


3 2 0 


9 2 


A 1 (H S Os)» 


3 3 5 


9 1 


A 1 (HSiOj 


3 1 4 


8 9 


A 1 (H S»Oj)s 


3 4 6 


88 


A 1(HSiO«)i 


3 5 2 


8 9 


A 1 (HS20.)» 


3 4 6 


9 0 


A 1 (HS«Oi)a 


3 4 8 


9 1 


A l(HS a 0«)3 


3 3 4 


9 2 


A 1 (HSO.)> 


3 5 8 


8 9 


Sn(HS04)« 


4 4 6 


9 5 


Sn(HS03)« 


4 5 3 


9 2 


Sn(HS.O.)* 


3 8 6 


9 4 


S n(HS Os)* 


4 2 3 


9 3 


Sn(HSjO.)« 


3 7 9 


9 4 


Sn(HS«03)« 


4 3 3 


9 3 


Sn(HSj06)« 


4 0 2 


9 7 


Sn(HS»0 5 )4 


4 10 


9 6 


Sn(HS 2 0.)4 


4 3 9 


9 4 


Sn(HS»0«)4 


4 0 3 


9 5 


SnCHSO*)* 


4 7 0 


9 0 


S n(HS 04)2 


4 8 6 


9 3 


Sn(HSOi), 


4 9 6 


8 8 


Sii(HS»0t)2 


4 5 0 


9 2 


Sn(HSOO> 


4 5 7 


9 1 
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Table 10 



Salt 


Discharge capacity 


Capaci ty 




(mAh/g) 


maintenance rate(%) 


SnSjOs 


4 6 0 


8 6 


SnSaOs 


5 0 5 


7 9 


SnStOs 


4 7 6 


8 5 


Sn SjOs 


4 8 3 


8 5 


SnSiOi 


5 3 6 


8 0 


S n S »0« 


4 9 7 


8 1 


SnSOi 


5 4 5 


7 9 


S i (SOO* 


3 9 5 


8 5 


S i(SOO» 


4 1 1 


8 2 


S i (SiOt)i 


3 4 1 


8 7 


S i(S0O» 


3 6 2 


8 5 


S i (S»0s)» 


3 2 2 


8 7 


S i (S.Oa). 


3 7 5 


8 4 


S i (S.O.)j 


3 3 2 


8 5 


S i (S«0Oi 


3 4 3 


8 4 


S iCSid): 


3 7 8 


8 2 


S i (S2OO2 


3 5 0 


8 5 


S i (SOOi 


4 2 1 


8 3 


PbSO* 


4 5 2 


8 4 


P b S Oj 


4 7 2 


8 3 


PbStO; 


4 0 5 


8 6 


PbSOs 


4 3 2 


8 5 


PbS20. 


4 0 0 


8 6 


P b S 70s 


4 4 1 


8 4 


PbSiO. 


4 11 


8 5 


Pb S2O5 


4 19 


8 5 


PbSiOi 


4 4 5 


8 2 


PbSiO* 


4 1 2 


8 4 


S n(HS *0.)» 


4 2 6 


9 3 


Sn(HS»Oa)» 


4 7 2 


9 1 


Sn(HSiO.)j 


4 3 6 


9 4 


S n(HS »Os)» 


4 4 0 


9 4 


S n(HS *Oi)» 




9 1 


Sn(HS»0«)» 


4 4 6 


9 3 


Sn(HSO»)i 


4 9 2 


9 0 


S i (HSO*). 


3 6 2 


9 3 


S i (HS 0.)4 


3 7 1 


9 1 


S i (HSiOt)4 


3 1 2 


9 4 


S i (HSO.)* 


3 35 


9 5 


S i (HS tO.)« 


2 94 


9 6 
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Table 10-continued 



Salt 


Discharge capacity 


Capacity 




(mAh/g) 


maintenance rate(%) 


S i (H S lOa)* 


3 4 1 


9 3 


S i (H S lOe)* 


3 0 9 


9 5 


S i (HSiOs). 


3 1 2 


9 4 


S i (HS:02)< 


3 4 0 


9 2 


S i (HS 204)4 


3 1 8 


9 3 


S i (HS OO4 


3 9 0 


9 0 


P b(H S 04)2 


4 15 


9 2 


Ph(HSOa)2 


4 2 6 


9 1 


Pb(HS.Or)i 


3 8 6 


9 5 


Pb(HSOs). 


4 0 3 


9 4 


Pb(HStO.): 


3 7 6 


9 5 


Pb(HS 2 0s)2 


4 1 1 


9 4 


Pb(HS I 0.) > 


3 8 9 


9 6 


Pb(HS»Os)i 


3 9 9 


9 5 


Pb(HS *00* 


4 19 


9 1 


PbCHSiOO* 


3 9 1 


9 3 


Table 11 


Salt 


Discharge capacity 


Capacity 




(nAh/g) 


naintenance rate(90 


PbSO» 


4 7 5 


8 1 


CdSO« 


4 1 4 


7 9 


CdSO» 


4 2 6 


7 8 


CCIS2O7 


37 8 


8 1 


CdSOs 


4 0 4 


8 2 


CdSjOi 


3 6 9 


84 


CdS*Oa 


4 1 0 


78 


Cd S»Os 


3 9 8 


7 9 


CdS.Os 


4 0 1 


8 0 


Cd SiO» 


4 1 0 


7 8 


CdS*0« 


3 8 9 


8 2 


CdSO» 


4 2 0 


7 6 


B i *(SO«). 


3 6 4 


7 6 


B i «(SO»). 


3 8 1 


7 5 


B i i(S«Ot) s 


3 2 4 


7 9 


B i i(SO»)s 


3 4 8 


7 8 


B i i(StO«)> 


3 1 5 


8 1 
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Table 11 -continued 



Salt 


Discharge capacity 


Capacity 






(mAh/g) 


maintenance rate(%) 


B i 


«(S»Oj)i 


3 4 


6 


7 8 


B i 


i(S:0.)j 


3 2 


9 


7 8 


B i 


»(S*Os)s 


3 4 


7 


7 6 


B i 


2(S20»)3 


3 5 


2 


7 5 


B i 


*(S*0«) 3 


3 3 


3 


7 9 


B i 


.(SO») } 


3 7 


9 


7 5 


I n 


»(SOO» 


4 4 


4 


8 3 


I n 


»(SO.)i 


4 5 


9 


8 1 


I n 


*(S*Ot) 3 


3 9 


8 


8 6 


I n 


.(SOs). 


4 2 


1 


8 3 


I n 


i(SjO.)j 


3 8 


9 


8 5 


Pb 


(H S 00" 


4 3 


5 


9 1 


Cd 


(HS 04)2 


3 7 


9 


8 9 


Cd 


(HSO>) 2 


3 9 


8 


8 8 


Cd 


(HS .Or). 


34 


6 


9 2 


Cd 


(HS Os)2 


3 8 


2 


9 3 


Cd 


(HSrOi). 


3 4 


1 


9 3 


Cd 


(HS 203)2 


3 7 


9 


9 0 


C d 


(HS»0.) 2 


3 7 


0 


9 1 


Cd 


(H SiOs)j 


3 7 


4 


9 3 


Cd 


(HS.OO. 


3 7 


9 


8 9 


Cd 


(HSiOO. 


3 6 


5 


9 3 


Cd 


(HS0.) 2 


3 9 


1 


8 9 


B i 


(HS 04>3 


3 3 


7 


8 7 


B i 


(HS Oj)j 


3 4 


9 


8 6 


B i 


(HS»0»)» 


2 9 


8 


8 7 


B i 


(HSOs)a 


3 1 


5 


8 6 


B i 


(HSaO.)s 


2 7 


6 


9 0 


B i 


(HS20 3 )3 


3 1 


3 


8 5 


B i 


(HS»0.)» 


2 9 


8 


8 6 


B i 


(HSiOs)s 


3 1 


3 


8 7 


B i 


(HS.OOa 


3 2 


1 


O A 

8 4 


B i 


(HS.OOi 


3 0 


3 


8 8 


B i 


(HS Oi)i 


3 3 


6 


8 6 


I n 


(HSOOi 


4 1 


6 


9 2 


I n 


(HSOs). 


4 2 


0 


9 1 


I n 


(HS*Ot), 


3 6 


7 


9 5 


I n 


(HSO*)» 


3 9 


0 


9 4 


I n 


(HS»0.)i 


3 7 


4 


9 6 
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Table 12 



Salt 


Discharge capacity 


Capacity 




(mAh/g) 


maintenance rate(96) 


I n i( S »Os)j 


4 3 2 


8 4 


I n *(SiOo)3 


4 1 9 


8 5 


I n i(Si0 5 ) 3 


4 1 6 


8 5 


I n i(S*0t)3 


4 3 2 


8 3 


I n :(S:04) 3 


3 9 8 


8 6 


I n iCSQOs 


4 5 6 


8 1 


Z n S 04 


3 6 2 


7 5 


ZnSOj 


3 7 9 


7 3 


Zn S >0? 


3 3 4 


7 6 


ZnSOs 


3 4 2 


7 5 


Z n S iO e 


3 2 0 


7 6 


Zn S iOj 


3 4 2 


7 6 


Z n S iOe 


3 2 0 


7 6 


ZnSiOs 


3 3 3 


7 5 


ZnSiO: 


3 5 4 


7 4 


Z n S 2O4 


3 2 1 


7 6 


ZnSO» 


3 8 2 


7 3 


Mg S 04 


3 3 3 


8 1 


MgSOs 


3 5 2 


7 9 


M ff S »0 7 


2 9 8 


8 4 


ATI ^£ O V S 


3 2 0 


ft 9 


M cr S jO s 


3 0 2 


8 3 


M ff 55 »0 a 


3 2 5 


8 1 


M S *Oe 


3 0 0 


8 3 


Mi? S *Os 


3 11 


8 2 


MgSaOi 


3 2 8 


8 2 


M g S 2O4 


3 0 5 


8 3 


Mg S Oa 


3 4 2 


7 9 


I n(HSi0s)3 


4 0 0 


9 5 


I n(HS»0.)3 


3 8 1 


9 5 


I n(HS »0*)s 


3 9 0 


9 5 


I nCHSiOi)* 


.402 


9 1 


I nCHSiOOs 


3 7 0 


9 5 


I nCHSOOa 


4 2 0 


9 2 


Zn(HSO*)« 


3 3 3 


8 5 


Zn(HS O s )t 


3 4 2 


8 4 


ZnCHSaOr), 


3 0 0 


8 7 


ZnCHS Oa)i 


3 1 2 


8 6 


Zn(HSiOOi 


2 9 4 


8 5 


Zn(HS.O s )» 


3 1 0 


8 5 


.ZnCHSaOO* 


3 0 0 


8 4 


Zn(HSiO.)> 


3 1 0 


8 6 


Zn(HS.OO» 


3 2 5 


8 4 
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Table 12-continued 



Sal t 




Canari tv 






train tenance ratpf%^ 


L» 11 V. 11 O 2 \J A J 1 


9 Q 0 


8 6 


7 n fUC H 

Z/ uvno v2yi 


3 4 1 




M g V fl O \J AJt 


^ 1 9 

O L C 


Q 1 

*7 J. 


Mgvrio Usyi 


3 ^ n 
o o u 


o o 


JYlgV.rlO 2KJ7 Jl 


9 7 1 
C f I 




MgCHS 0s) 2 


2 9 4 


9 2 


Mg(HSiO>)> 


2 7 9 


9 3 


Mg(HS»0 5 )» 


2 9 3 


9 2 


Mg(HS I 0 6 )2 


2 7 6 


9 4 


Mg(HS20 5 ), 


2 8 8 


9 2 


Mg(HS20 2 )» 


2 9 6 


9 3 


MgCHS.OO. 


2 7 6 


9 4 


Mg(HS0«)2 


3 0 2 


9 0 



Table 13 



Salt 


Discharge capacity 
(mAh/g) 


Capacity 
maintenance rate(%) 


Ga*(S00s 


3 64 


7 6 


Ga:(S0j)> 


3 8 2 


74 


G a iCSzQt)* 


3 2 1 


7 9 


Ga*(S0s)» 


3 5 2 


7 5 


G a >(SiOi)i 


3 1 2 


77 


G a »(S*0s)» 


3 5 2 


7 5 


G a i(S*0»)» 


3 3 3 


7 6 


G a 2(S>0i)> 


3 4 2 


7 5 


G a >(SiOO> 


3 5 4 


74 


G a >(S>04)> 


3 2 6 


7 6 


G a j(S0»>3 


3 7 5 


7 3 


Ge(S0O" 


4 3 1 


7 8 


Ge(S0i)> 


4 4 9 


7 5 


G e (S »0t)j 


3 9 5 


8 1 


Ge(SOs)* 


4 2 3 


7 8 


Ge(S»0.)« 


3 8 6 


8 1 


G e(S »0a)» 


4 2 5 


7 7 


Ge(SiOi)i 


4 0 1 


8 0 
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Table 13 -continued 



Salt 


Discharge capacity 


Capacity 




CmAh/e) 


maintenance ratefJtO 


vj c. v \j z vj s / • 


4 0 8 


7 9 


VJ C VO < V 2/2 


4 2 0 

T t* V 


7 Q 


VJ CV02V/4/Z 


3 9 0 


8 2 

(J 4W 


U C V 2/2 


4 3 5 

T U 1/ 


7 7 


I 2\, O W 4/3 


3 5 3 
»j \j %j 


ft 1 


I 2V O U3/3 


3 fi Q 

u U »7 


ft 0 




2 Q ft 

«7 \J 


7 Q 


\* O O V/4 


3 5 9 

<J \J C* 


ft 9 


p n C n, 

U O O U3 


3 fi 2 

\J O Cm 


ft 0 


IN 1 O VJ 4 


*\ A Q 
0 t «j 


ft 1 
O A 


\j a vtio \j * j& 


3 3 Q 

U O 1/ 


ft ft 
O O 


VJ d vn O W 3 / 3 


3 5 2 

\J \J £m 


ft 5 


VJ d \11 O 2 V 7/3 


3 0 1 


ft ft 


GafHSOsls 

vj a \ ii o vj 9 / a 


3 15 


8 4 


Cm a f H S 2 0 


2 9 4 


8 6 


G a CH S iOi)i 


3 2 1 


8 7 


G a (HS iOs)i 


3 0 3 


8 7 


G a (H S iOs)i 


3 18 


8 6 


G a (H SjOi)s 


3 2 1 


8 6 


G a(HS 204)3 


2 9 6 


8 4 


Ga(HS0:)s 


3 4 8 


8 4 


G e(HS 0O« 


4 1 2 


8 9 


G e(HS 0s)« 


4 2 1 


8 6 


G e(HS»0T)« 


3 7 0 


9 2 


G e(HSOs)* 


3 9 6 


9 0 


G e (H S >0i)« 


3 5 6 


9 3 


G e CH S>0s)4 


3 8 7 


8 5 


G e CH S 20e)4 


3 7 4 


8 8 


G e CH S »0s)« 


3 7 3 


8 7 


G e CH S » 0»)« 


3 9 5 


8 9 


Ge(HSiO.)4 


3 6 5 


9 3 


G e(HS0i) ( 


4 0 2 


8 9 


C rCHS04) 3 


3 2 5 


9 2 


C rCHSOO* 


3 4 1 


9 0 


WCHS0«)4 


2 7 5 


8 9 


Co(HS0«>2 


3 2 1 


9 2 


C oCHS0») 2 


3 2 9 


9 0 


N i (HSOO. 


3 1 9 


9 0 
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Table 14 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate{%) 


NiS0 3 


354 


79 


CuS0 4 


326 


82 


CUSO3 


340 


80 


"^(SOA, 


315 


83 




324 


84 


VS04 


306 


83 


MnS0 4 


345 


82 


MnSOs 


356 


80 


FeS0 4 


354 


81 


FeSC>3 


362 


78 




257 


82 


CaS0 4 


398 


78 


CaSC?3 


405 


76 


SrS0 4 


398 


78 


SrS0 3 


405 


76 


BaS0 4 


375 


79 


BaS03 


386 


78 


\ Old. 


326 


88 


CufHSCMo 


301 


93 


Cu(HSOq)o 


319 


91 




284 


90 


Mo(HS0 4 )3 


299 


92 


V(HSOA> 


274 


92 


Mn(HS04) 2 


315 


93 


Mn(HS03) 2 


320 


90 


FefHSOA, 


327 


91 


Fe(HS0^)2 


333 


89 


NbCHSO^s 


229 


90 


Ca(HS0 4 ) 2 


375 


87 


Ca(HS(>3)2 


381 


85 


SrtHSO^ 


375 


87 


Sr(HS0^)2 


381 


85 


Ba(HS04)2 


352 


87 


Ba(HSO^> 


360 


86 
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Talbe 15 



Salt 


Discharge capacity 


Capaci ty 




(mAh/g) 


maintenance rate(%) 


Mgo. iS no. » S 0 < 


5 0 3 


8 4 


Sr«. i S n o. » S 0 4 


5 0 3 


8 4 


C a o. i S n o q S 0 4 


5 0 3 


8 4 


Zno.1Sno.9SO4 


5 0 0 


8 5 


Nio.1Sno.tSO4 


4 9 5 


8 4 


F e 0. 1 S n 0. 9 S 0 « 


4 9 2 


8 6 


Coo.1Snt.1SO4 


4 8 9 


8 7 


Mno. iSno. 9SO4 


4 8 2 


8 6 


C u 0. 1 S n 0. 9 S 0 4 


4 8 5 


8 5 


Moo. iS no. > S 0 4 


4 7 6 


8 4 


V0.1Sn0.0SO4 


4 7 3 


8 6 


Wo. 1 S n 0. 0 S 0 4 


4 5 9 


8 3 


Cro.2Sno.7SO4 


4 7 6 


8 4 


M 0 0. iS no. r S 0 4 


4 7 6 


8 5 


Mgo. iP bo. 0SO4 


4 2 0 


8 6 


S r 0. iP bo. .S04 


4 2 0 


8 6 


C a 0. iP bo ,S04 


4 2 0 


8 6 


Zno.1Pbo.1SO. 


4 2 1 


8 7 


Nio iPbo. .SO. 


4 15 


8 6 


Feo.1Pbo.9SO4 


4 10 


8 7 


COO. 0 P b O. 9 S 0 4 


4 16 


8 8 


Mno.iPbo.oSO. 


4 0 8 


8 6 


Cuo. . P b 0. . S 0 4 


4 0 6 


8 7 


Mo0.1Pbo.0SO4 


3 9 8 


8 5 


Vo. 1 Pb 0. 0SO4 


3 8 7 


8 5 


Wo. iPbo. .SO. 


3 7 6 


8 5 


C r 0. iP bo. 7SO4 


3 8 7 


8 4 


Moo. iP bo. 7SO4 


3 8 9 


8 5 


Mgo. .S no. .(HSO.)» 


4 8 1 


9 4 


Sro. iS no. o(HS04)> 


4 8 1 


9 4 


Cao. .S no. o(HSO.): 


4 8 1 


9 4 


Zno. .S no. o(HSO.)i 


4 7 9 


9 5 


N i 0. .S n.. »(HSO.) 2 


4 7 0 


9 5 


Feo. iS no. o(HS04)« 


4 7 6 


9 5 


Co. iS no. o(HSO.)i 


4 6 9 


9 4 


Mno. iS no. .(HS04)i 


4 6 5 


9 6 


Cuo. iS no. .(HSO.)i 


4 6 2 


9 4 


Moo. iS no. .(HSO.)i 


4 5 9 


9 5 


Vo. ,Sn .. o(HSOo). 


4 5 1 


9 5 


Wo. oSno. o(HSOO. 


4 3 2 


94 


Cr. tSno. t(HSO«)i 


4 5 5 


94 
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Table 15-continued 



oalt 


Discharge capacity 


Capaci ty 




/nil* 

QinAn/g; 


maintenance rate(%) 


Mo o ?S n o. t(H S 04)2 


A C O 

4 5 Z 


9 5 


Mgo 1 P b 0 9(H S 04)2 


3 9 4 


9 5 


S r 0 1 P b 0. »(H S 04)2 


3 9 4 


r\ r~ 

9 5 


C a 0 1 P b 0 B (H S O4J2 


3 9 4 


9 5 


Z n 0 1 P b 0 e(H S 04)2 


3 9 4 


9 4 


N i 0 1 P b 0 »(H S 04)2 


3 8 4 


9 7 


F e 0. 1 P b 0 »(H S 04>2 


3 8 1 


9 5 


C 0 0. 1 P b 0. »(H S 04)2 


3 0 4 


9 6 


Mno iP bo .(HSOO» 


3 8 1 


9 5 


Cuo iP bo. »(HS04) 2 


3 8 6 


9 6 


Moo iP bo .(HSO*)* 


3 7 0 


9 5 


V. ,Pbo oCHSO*)* 


3 6 8 


94 


Wo 1 Pbo. s (HSO«)* 


3 5 9 


9 5 


Cr. .P bo t(HSO.)« 


3 6 4 


9 4 


Moo *P bo r(HSO*)» 


3 6 8 


9 4 



Table 16 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


(Mgoglno^fSO^ 


410 


85 


(ZnoalnogJgfSO^ 


406 


86 


(N>o.3lno.8)2(S04)3 


398 


86 


(Coo. 3 Bio.a>2(S04)3 


333 


80 


(Feo^Bio^SO^ 


325 


82 


(Mno3Bio.8)2(S0 4 )3 


330 


80 


Sn(S04)o. 5 (HS04) 


498 


90 


Pt^SOJosCHSO^ 


425 


90 


MS04)2 5 (HS04) 


425 


90 


BySO^sCHSO^ 


343 


84 




379 


94 


Feo.3lno.8(HS0 4 )3 


370 


95 


Mr\).3»no.8(HS04)3 


368 


95 


MgoaBiosfHSOJa 


298 


90 


ZHo^B»o.8(HS04)3 


289 


89 


N*o. 3 Bio.8(HS04)3 


295 


91 


Sn(S04)os(HS04)o.2 


519 


86 
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Table 16 (continued) 



Salt 


Discharge capacity 


Capacity maintenance 




(mArvg) 


rate(%) 




438 


87 


ln2(S04) 2 .9(HS0 4 )o.2 


438 


86 


B&SO^HSO^ 


350 


80 



10 After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 4. 

The batteries using the metal or semi-metal sulfate, sulfite, disulfate, peroxomonosulfate, peroxodisulfate, thiosul- 
fate, disunite, thiosulfite. hydrogensulfate, thionate, or sulfoxylate of Example 4 as the anode active material have the 
improved cycle characteristics, compared with the prior art metal oxides. Especially the use of hydrogensidfates has 

75 remarkably inrproved the cycle characteristics. 

Example 5 

The electrode characteristics of various salts of oxo-actds of selenium specified in Tables 1 7 through 20 and used 
20 as the anode active material were evaluated in Example 5. 

Tables 17 through 20 show the discharge capacities of the test cells and the capacity maintenance rates of the 
cylindrical batteries at the 100-th cycle measured under the same conditions as those of Example 1. 
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Table 17 



Salt 


Vlo^llal J^c Let pal* I Lj 


Capacity 






tnainienance raLev,7o^ 


A I if S e 04)a 


3 fi ? 
0 0 £ 


ft q 
0 0 


A 1 .fQ P n .1- 

n 1 a v. O C V/S^3 


9. ft 7 


O A 

0 0 


0 n v 0 t? V/ 4 1 


/I R 9 
4 O £ 


O A 

0 4 


O 11 V O c U Jyl 


/l ft 9 

O a 


0 1 
0 1 


Q n Q a Ci . 

0 n 0 c \j * 


RIO 


8 3 


q « q a n. 
0 n 0 e \j 3 


£ 9 1 


8 0 


0 n * 0 e v/ 5 


K 9 >t 

0 0 4 


7 9 




9 c /I 

0 b 4 


8 4 


0 Ho e u *)* 


0 ^7 a 


8 0 


r D 0 e U 4 


4 3 I 


8 5 


r b 0 e O a 


4 4 5 


8 2 


" b 2 0 e O 5 


4 9 8 


8 0 


^ c r\ 
u d 0 e U 4 


3 8 6 


8 0 


1^ a 0 e u 3 


0 n a 
3 9 9 


7 8 


Jt> 1 >lo e U4J3 


O O A 

3 3 9 


7 7 


jj 1 0 e KJSJS 


3 4 9 


7 2 


I n 2vo e U4J3 


4 <s 1 


8 5 


1 n 2V 0 e U 3J3 


if 0 0 

4 3 8 


8 3 


// n 0 e u 4 


9 0 a 
3 3 9 


7 4 


a n 0 e kj 3 


9 A Q 

0 4 0 


7 0 


m g 0 e u 4 


OTA 


8 2 


Mgo e u 3 


3 £ 1 


7 9 


b a e Uijs 


0 0 n 

3 3 9 


7 5 


\j a 2V. 0 e u 3J3 


3 4 9 


7 3 


u eib e U4J2 


4 0b 


7 7 




A O A 

4 Z 0 


7 2 


A I IHo e U 4J3 


3 4 1 


9 2 


A l v.rl 0 eU 3J3 


9 C *7 

3 6 7 


8 9 


onvJflo B KJ 4J4 


4 4 c. 


9 2 


C n /'U C 0 O . V 

0 n^no ew3^4 


A fl 9 
4 D Z 


A O 


O II VU O «£ 4 ^ 2 


A ft Q 

^ 0 y 


Q A 


S n f H ^ r> O 

O 11 \ ll O 1/3/2 




Q ft 


55 n <5 *» O k 

0 11 0 C v/ 3 


^ 0 ft 
*J u 0 


0 1 


S i (HS e 04)4 


3 4 2 


9 2 


S i (HS e 03)4 


3 4 7 


9 0 


Pb(HS eOO> 


4 1 2 


9 3 


Pb(HSeO.)i 


4 2 1 


9 2 


PbS eO> 


4 2 5 


8 5 


Cd(HS e0«), 


3 6 4 


9 0 


Cd(HS eOs)» 


3 7 4 


8 8 


-B i(HS e0«)> 


3 1 4 


8 9 


B i (HS eO>)> 


3 2 1 


8 6 
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Table 17-corvtinued 



Salt 


Discharge capacity 
(mAh/g) 


Capacity 
maintenance rate(%) 


I n(HS eO.)i 


3 9 7 


9 4 


I n(HS eO,)> 


4 0 9 


9 3 


Zn(HS e04>2 


3 1 5 


8 5 


Zn(HS eO»)» 


3 2 0 


8 3 


MgCHS eO.)> 


2 8 9 


9 2 


Mg(HS eO»)» 


3 0 1 


8 7 


Ga(HS eOO« 


3 1 4 


8 6 


Ga(HS c03) 3 


3 2 4 


84 


Ge(HS eO«)4 


3 8 5 


8 6 


GeCHS eO.)< 


3 9 6 


8 3 



Table 18 



Salt 


Discharge capacity 


Capacity 




(nAh/g) 


maintenance rate(96) 


Cr:(Se 0.)> 


3 2 1 


7 5 


Cn(Se 0.)i 


3 3 1 


7 6 


W(S eO.)i 


2 5 7 


7 2 


CoS eO« 


2 8 6 


7 3 


CoSeOi 


2 9 7 


7 6 


N i S e O4 


2 8 6 


7 6 


NiSeOi 


2 9 9 


7 6 


C u S e 04 


2 8 7 


7 3 


CuSeOs 


2 8 9 


7 4 


Ti«(Se 0*)> 


2 5 3 


7 7 


Moi (S eoi) i 


2 2 3 


7 3 


VS e 0« 


2 8 2 


7 9 


MnSeO< 


2 6 5 


7 3 


Mn S eOs 


2 7 6 


7 5 


FeS e04 


2 8 2 


74 


FeSeOj 


2 9 3 


7 5 


NbtCSeO*). 


2 1 5 


7 5 


C a S e 04 


3 2 1 


7 4 


CaSeO. 


3 3 4 


7 6 


S r S e 0» 


3 3 4 


7 6 


BaSeO< 


3 4 5 


7 3 


""B a S e Os 


3 5 3 


7 4 


Sbi(Se 04>» 


3 6 4 


7 2 
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Table 18-continued 



Salt 


Discharge capacity 
GnAh/g) 


Capacity 
maintenance rate(%) 


I r *(S e 0«)s 


3 4 5 


7 3 


C r (HS eOOi 


3 0 5 


8 4 


C r(HS eOO» 


3 1 4 


8 6 


W(HS e 04>« 


2 3 4 


8 3 


Co(HS eO«)» 


2 6 1 


8 2 


Co(HS eOO» 


2 7 1 


8 5 


N i (HS e 04)2 


2 6 4 


8 4 


N i (HS eOO: 


2 7 4 


8 5 


C u(HS e 00) 


2 6 4 


8 4 


C u(HS eO>)> 


2 5 9 


8 4 


T i (HS e O t )j 


2 3 0 


8 6 


Mo(HS e 04)» 


2 0 1 


8 4 


V(HS e 04)i 


2 6 1 


8 9 


Mn(HS e 0«)» 


2 4 1 


8 2 


Mn(HS eO>): 


2 5 1 


8 4 


Fe(HS eO.)> 


2 6 0 


8 6 


F e (HS eOO> 


2 7 1 


8 5 


Nb(HS eO.) s 


19 5 


84 


Ca(HS eO.). 


3 0 1 


8 2 


Ca(HS eOOi 


3 0 9 


8 5 


S r(HS eO<)> 


3 0 9 


8 5 


B a (H S e04). 


3 1 4 


84 


Ba(HS eO>)> 


3 2 1 


8 3 


Sb(HS eO<)i 


3 3 5 


8 6 


I r(HS e04)s 


3 15 


8 5 



Table 19 



Salt 




Discharge capacity 


Capacity 






(BAh/g) 


naintenance rate(96) 


M g 0. 1 S n 0 


• SeO* 


4 8 6 


8 5 


Z n 0. 1 S n 0 


• S e 04 


484 


8 6 


Nio.iSno 


• S e O4 


47 2 


85 


F e 0. 1 S n 0 


»S e 04 


4 7 1 


8 6 


C 0 0. 1 S n 0 


• S e O4 


4 7 6 


87 


M n 0. 1 S n 0 


• SeO* 


4 8 3 


84 


C u 0. 1 S n 0 


• S e 04 


4 7 5 


8 5 


Mod. i S n 0 


. »S e 04 


4 6 5 


8 6 


V ». 1 S n 0. • 


SeO« 


4 5 9 


88 


Wd j S n 0. • 


SeO* 


4 4 3 


88 


C r or-tS no 


. tS e 04 


4 3 3 


86 


Ca». iSm 


• SeO* 


4 9 2 


85 
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Table 19-continued 



Salt 


Discharge capacity 


Capacity 




(mAh/g) 


maintenance rate(96) 


Sro. iSno. »Se04 


4 9 2 


8 5 


Bao. iSno.jSeO* 


4 7 5 


8 6 


Mgo. .P bo. .Se O4 


4 15 


8 5 


Z n o. iPbo. »SeO* 


4 0 9 


8 6 


N i o. tPbo. »SeO* 


4 14 


8 7 


Feo.iPbo.iSe O4 


4 0 1 


8 8 


Coo. iPbo. » S e 0 « 


4 0 5 


8 6 


Mno.iPbo.oSe04 


4 0 3 


8 4 


Cuo.iPbo.iSe04 


4 0 2 


8 5 


Moo. t P bo »S e O* 


3 9 4 


8 5 


V 0. 1 P b 0. 9 S e 0 4 


3 9 6 


8 4 


Wo. iPbo. >S eO« 


3 7 9 


8 6 


Cro. iPbo.7Se04 


3 6 8 


8 5 


Cao. 1 P b 0. • S e 0 4 


4 0 8 


8 5 


Sro. iPbo. »Se04 


4 0 8 


8 5 


Bao. iPbo. »Se04 


3 8 1 


8 6 


Mgo. iS no. »(HS e 04)2 


4 5 3 


9 4 


Z n 0. 1 S no »(H S e OOj 


4 6 1 


9 6 


N i 0. 1 S no. »(HS e 04)2 


4 5 3 


9 5 


Feo. iS no o(HS e04)» 


4 4 9 


9 4 


Coo iS no. »(HS e0 4>2 


4 4 8 


9 5 


Mn 0. 1 S n 0. »(H S e 04)2 


4 5 7 


9 2 


C u 0. 1 S n 0. o(H S e 04)2 


A C O 

4 5 3 


9 4 


Moo. iSno.»(HSe04)i 


A A 1 

4 4 1 


9 D 


Vo. iSno. »(H S e O4J2 


A O O 

4 0 Z 




Wo. ib n 0. sVtio e sj *)t 


/I 9 n 
4 c. \) 


Q fi 

y 0 


Lr To. »ono.7^noeU4ji 


A 1 fi 


Q ^ 
y o 


u a 0. 10 no, »vno eu4;» 


A 7 fi 


y 9 


0 ro. 10 no. »vno e U4;i 


A 7 fi 
ft r U 


y %> 


0 ao. 10 no. »vno e U4;» 


4 4 A 

ft ft 0 


y *» 


Mgo. ir Do. 0 v. n 0 e U 4 J* 


q q q 

O O D 


Q 4 

y f* 


ir Do. »vno e U4^i 


Q Q Q 
O O «7 


q c 
y »j 


IN lo. ir Do. »vno eu4;» 


3 Q 1 

O 57 1 




r eo. irbo. »v.noeU4,/2 


07 1 
Oil 


q Q 
y 0 


lOo. ir Do. »vno eU4;j 


070 
0 r y 


y 0 


M n 0. ir Do. o^rio B \J 4j7 


Q 7 1 


9 5 


Cuo. iP bo. p(HS e 04)2 


37 6 


9 6 


Moo iP bo. .(HS e 04)2 


37 0 


94 


Vo. .Pb6. o(HS eO*)* 


36 9 


9 5 


Wo. iPbo .(HS eOOi 


34 9 


97 


C r u Pbo. *(HS e04>2 


333 


96 


Cao iPbo o(HS eOO-i 


37 9 


94 


Sro iPbo. o(HS e04>» 


379 


9 4 


Bao iP bo .(HS e 04>» 


3 5 3 


9 6 
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Table 20 





Salt 


Discharge capacity 


Capacity mairttenarate 


5 




(mAh/g) 


rate(%) 




(Mgn 3 lno ftMSeCMo 

V 9U.O *U.O/ic% I/O 


398 


86 




(Zrin qlnn o)p(SeOx)o 


387 


87 


10 


(Nin qlrin a^fSeOd)^ 


379 


86 


(COn -iBin fJofSeOak 


318 


80 




(Fen ^Bin aMSeOaVa 


310 


82 




(Mno. 3 Bio.a)2(Se04)3 


320 


82 


15 


Coo. 3 »no-8(HSe04)3 


374 


95 




Feo.3^.s(HSe04)3 


361 


98 




Mno.3 ln o.8(HSe04) 3 


348 


96 


20 


Mgo.3Bio.8(HSe04)3 


279 


91 


Zno.3Bio.8(HSe04)3 


284 


92 




Ni 0 .3 Bi o.8(HSe04)3 


298 


93 



25 After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 5. 

The batteries using the metal or semi-metal selenate, selenrte, hydrogenselenate, or hydrogenselenhe of Example 
5 as the anode active material have the improved cycle characteristics, compared with the prior art metal oxides. Espe- 
cially the use of hydrogenselenates and hydrogenselenrtes has remarkably improved the cycle characteristics. 

30 

Example 6 

The electrode characteristics of various salts of oxo-acids of tellurium specified in Tables 21 through 23 and used 
as the anode active material were evaluated in Example 6. 
35 Tables 21 through 23 show the discharge capacities of the test cells and the capacity maintenance rates of the 
cylindrical batteries at the 100-th cycle measured under the same conditions as those of Example 1 . 
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Table 21 



Salt 


Discharge capacity 


Capacity 




GnAh/g) 


maintenance rate(%) 


A 1 i(T e OOs 


3 4 6 


8 2 


S n T e 0* 


4 2 6 


8 4 


S n T e 3 0 » 


3 8 5 


8 7 


S n aT e Ob 


4 8 9 


8 5 


S i (T e 0*)j 


3 3 7 


8 3 


PbT eO« 


4 0 5 


8 4 


PbTe,Oi 


3 5 2 


8 5 


P baT e 0. 


4 5 3 


8 2 


CdTe04 


3 5 4 


7 9 


B i *(T e 04>s 


3 1 4 


7 9 


B iiTeO. 


3 4 5 


7 7 


I n *(T e 04)» 


3 8 4 


8 2 


IruTeOi 


4 0 5 


8 0 


SbiTeOi 


3 8 4 


7 8 


I r »T e 0« 


3 5 1 


7 8 


Z n T e 04 


3 0 2 


7 5 


MgT e O4 


2 8 9 


8 1 


G a *T e 0» 


3 1 4 


7 4 


G e (T e CK)* 


3 7 0 


7 5 


Ti»TeO« 


2 2 1 


7 8 


C r »T e 0« 


2 8 7 


7 4 


N i T e 04 


2 5 3 


7 6 


FeTeO* 


2 5 4 


7 5 


MnT e 04 


2 4 7 


7 4 


CoTeO* 


2 5 3 


7 5 


VTe 04 


24 1 


7 6 


C uT e 04 


2 5 1 


7 5 


AI(HTeOO» 


3 1 9 


8 9 


S n(HT eO«)> 


397 


90 


SnH4TeO« 


3 5 9 


9 5 
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Table 21 -continued 



Salt 


Discharge capacity 
(mAh/g) 


Capacity 
maintenance rate(%) 


SmHiTeO. 


4 5 9 


9 4 


S i (HT e 00« 


3 0 7 


9 3 


PbOIT eOO* 


3 7 2 


9 2 


PbHJeOi 


3 2 1 


9 4 


Pb.Il.TeO. 


4 2 6 


9 3 


C d (HT eOO, 


3 2 0 


9 0 


B i(HTeO.)i 


2 8 4 


8 7 


B i HiTeOs 


3 1 4 


8 7 


I n(HTeO.) s 


3 5 9 


8 9 


I nHiT eOs 


37 4 


9 0 


SbH.TeO. 


3 5 2 


8 9 


I rHiTeO. 


3 2 1 


8 8 


Z n(HT e 00> 


27 5 


8 6 


Mg(HS eO<)> 


2 6 4 


8 9 


GaHiTeOe 


2 7 5 


8 6 


G e (HT eO«)« 


3 4 2 


8 6 


T i H»T e Oe 


1 9 8 


8 7 


C rHiT eOi 


2 5 5 


8 6 


N i (HT eO.)> 


2 3 4 


8 7 


Fe(HS eO.). 


2 2 9 


8 6 


Mn(HT eO.)> 


2 19 


8 5 


Co(HS eO.)> 


2 18 


8 5 


V(HT e 04)i 


2 14 


8 7 


Cu(HTeO.)> 


2 1 6 


8 5 



Table 22 



Salt 


Discharge capacity 


Capacity 




(mAh/g) 


maintenance rate(X) 


MoTeO. 


2 3 4 


7 3 


W(TeO.)i 


2 15 


7 3 


CaTeO t 


3 1 5 


74 


S r T e 0« 


3 15 


7 4 


B a T e 0« 


3 0 5 


7 5 


Mgo. iS no »Te O* 


4 0 2 


86 


C a g o. i S n o. »T e 0« 


4 0 2 


8 6 


S r go i S n o. »T e 04 


4 0 2 


8 6 


Z n 0. iS n». »TeO« 


4 0 5 


8 5 


Nit. iS n». »TeO« 


4 0 0 


86 


Feo. iSn».iTeO< 


3 9 8 


87 


Coo. iSn. iTeO. 


3 9 6 


86 


Mrio iSn».»TeO< 


3 8 9 


8 5 


CunSnnTeO. 


3 9 0 


8 5 


Mo». iSnnTeO* 


3 7 9 


87 
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Table 22-continued 



Salt 


Discharge capacity 


Capacity 




(inAh/g) 


naintenance rate(X) 


Vo. i S n o. »Te 04 


3 7 8 


8 8 


Wo. 1 S n o. «T e 04 


3 6 9 


8 5 


Cro.iSno.7TeO< 


3 7 4 


8 6 


Mgo. iP bo. »T e O4 


3 7 5 


8 6 


Cao..Pbo..Te04 


3 7 5 


8 6 


S ro. iPbo. «Te04 


3 7 5 


8 6 


Z n 0 1 P bo. oT e O4 


3 7 9 


8 5 


Nio.iPbo.»Te 04 


3 7 0 


8 7 


F e 0. iP bo oTe 04 


3 6 7 


8 8 


C 0 0 iP bo. »T e 04 


3 6 8 


8 7 


Mn 0 iP bo. oT e O4 


3 6 4 


8 6 


C uo. iP bo. »Te 04 


3 6 2 


8 7 


Moo. iP bo. oT e O4 


3 5 4 


8 7 


Vo. .Pbo. oTeO* 


3 5 2 


8 6 


Wo. 1 Pbo. oTe04 


3 4 1 


8 5 


Mo(HTeO*)« 


2 1 5 


8 1 


W(HT e O*)* 


18 5 


8 2 


Ca(HTeOO» 


2 8 9 


8 4 


S r(HTeOO» 


2 8 9 


8 4 


Ba(HTeOO: 


2 7 9 


8 3 


Mgo. iS no. o(HT e 04)2 


3 7 5 


9 5 


C a 0 iS n 0. .(HTeOOj 


3 7 5 


9 5 


Sro..S no .(HTeO^ 


3 7 5 


9 5 


Z no. iS no .(HTeOOi 


3 7 9 


9 4 


N i 0. iS no. o(HTeO«)» 


3 7 4 


9 5 


Feo. iS no .(HTe04>2 


3 7 0 


9 6 


C 00. iS no. »(HT e CK)* 


3 7 5 


9 5 


Mno. >Sno. .(HTeOO> 


3 6 9 


9 4 


C uo. iS no t(HT e 04)7 


37 1 


9 4 


Moo. iS no. .(HT e 0<)> 


3 5 2 


9 5 


Vo. iSno o(HTeOO» 


34 9 


9 7 


Wo iSno. afHTeOOt 


3 4 2 


9 5 


C ro iSno. r(HTeO*)» 


3 4 4 


94 


Mgo .Pbo. .(HTeOO* 


3 3 5 


9 5 


Cao .Pbo. .(HTeOO» 


3 3 5 


9 5 


S ro .Pbo. .(HTeOO» 


3 3 5 


9 5 


Zno. .Pbo. tCHTeO*)* 


3 3 9 


94 


N i 0. .Pbo. .(HTeOO» 


34 8 


9 5 


Feo 1 Pbo. .(HTeO*)! 


3 3 2 


9 6 


Coo >Pbo .(HTeO*). 


3 2 1 


9 5 


Mno. iPbo. o(HTeO«)a 


322 


9 4 


C ihr.Pbo. .(HTeO«)» 


3 3 7 


9 5 


Moo .Pbo..(HTeO*). 


3 2 6 


94 


Vo. .Pbo. .(HTeOO. 


3 2 2 


9 5 


Wo. .Pbo .{HTeOOi 


3 2 0 


96 
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Table 23 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


Cr 0 ?Pbn 7TeOi 


361 


84 


(MQoalrVi a)?TeOfi 


374 


82 


(Zrin tlrin o)oTeOfi 


370 


83 


(Fen ^Inn oUTeOc 


364 


84 


(MOn aBln «)oTeOA 

V OU.O U.O»t ** w o 


315 


79 


(Znn iBin A^TeOfi 


318 


80 


(Fen oBin oWTeOfi 


308 


81 


Cro^Pbo.7(HTe04) 2 


337 


93 


C r o.3' n o.8'"bTe05 


351 


93 


NioalnoeHaTeOg 


341 


92 


Mno.3lno aHsTeOg 


338 


92 


Coo.3Bb.8H3Te0 6 


287 


88 


Nio.3 Bi o.8H 3 Te0 6 


286 


90 


Mno.3Bio.8H3Te0 6 


279 


90 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 6. 

The batteries using the metal or semi-metal teJIurate or hydrogentellurate of Example 6 as the anode active mate- 
rial have the improved cycle characteristics, compared with the prior art metal oxides. Especially the use of hydrogen- 
tellurates has remarkably improved the cycle characteristics. 

Example 7 

The electrode characteristics of various metal and semi-metal hydrogenphosphates, phosphinates, and phospho- 
rates specified in Tables 24 through 27 and used as the anode active material were evaluated in Example 7. 

Tables 24 through 27 show the discharge capacities of the test cells and the capacity maintenance rates of the 
cylindrical batteries at the 1 00-th cycle measured under the same conditions as those of Example 1 . 



Table 24 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 




366 


83 




353 


84 


AWHPO^ 


348 


85 


AI(H2P04)3 


315 


87 


Sn(PH 2 0 2 ) 4 


412 


88 


SnCPHQafc 


455 


89 


Sn(HP04)2 


452 


88 


SnfHgPO^ 


384 


89 




452 


82 
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Table 24 (continued) 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


SnPHC>3 


486 


92 


SnHP0 4 


485 


95 


SnCHzPO^ 


402 


86 


Si(PH 2 0 2 ) 4 


304 


85 


Si(PH03) 2 


332 


86 


BifPHjAjfe 


333 


82 


Biz(PH03)3 


345 


83 


Bi^HPO^ 


340 


83 


Bi(H2P0 4 )3 


324 


85 


InCPHzOgh 


365 


82 


InzfPHOak 


380 


81 


In^HPO^ 


377 


83 


In^PO^ 


333 


86 


ZntPHaOzfe 


298 


83 


ZnPH03 


298 


83 


ZnHP0 4 


295 


83 


ZntHjjPO^ 


264 


84 


MgtPHgO^a 


281 


84 


MgPHOs 


288 


83 


Table 25 


Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


SKHPO^a 


322 


87 


Si^PO^ 


285 


88 


PtKPHjOzfe 


420 


85 


PbPHOa 


425 


85 


PbHP0 4 


418 


89 


PbtHzPO^ 


405 


90 


CdfPHgOjfe 


380 


82 


CdPH0 3 


385 


83 


CdHP0 4 


384 


83 


CdfHzPCXfc 


375 


86 


Sb2(HP04)3 


321 


82 


TWHPQ* 


275 


84 




250 


85 
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Table 25 (continued) 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


Cr 2 (HP04) 3 


284 


84 


Mn2(HP0 4 )3 


275 


85 


MgHP0 4 


286 


84 


Mg{H2P0 4 )2 


267 


87 


GatPHzOzh 


321 


82 


Ga^PHO^ 


335 


83 


Ga2(HP04)3 


325 


84 


Ga(H 2 P0 4 ) 3 


305 


86 


Ge(PH202) 4 


367 


83 


Ge(PH03)2 


382 


84 


Ge(HP0 4 )2 


375 


87 


Ge^PO^ 


342 


89 


Fe^HPO^ 


264 


85 


CoHP0 4 


264 


84 


NiHP0 4 


261 


84 


CuHP0 4 


275 


85 



Table 26 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


SrHP0 4 


332 


85 


Cao 2 Sno.8HP0 4 


451 


88 


Sr 02 Sn 08 HPO 4 


451 


88 


Bao_2Srio. 8 HP0 4 


432 


89 


Zno^SriQ 8 HP0 4 


437 


92 


Feo2Sno.8HP0 4 


441 


91 


Nio.2Sno.8HP0 4 


438 


92 


Co 05 Sno. 8 HP0 4 


442 


92 


MnoiSno. 8 HP0 4 


429 


90 


"no2Sno7HP0 4 


415 


91 


CuosSno.sHPCU 


429 


92 


Cr 0 .2Sno.7HP0 4 


418 


93 


Vo^Sno.8HP0 4 


404 


91 


W 01 Sno 5 HP0 4 


406 


90 


BaHP0 4 


312 


86 


Cao 5 Pbo 8 HP0 4 


372 


90 
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Table 26 (continued) 





Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


5 


Sr a2 Pbo. 8 HP0 4 


372 


90 




Bao5Pbo. 8 HP0 4 


359 


91 




Zno 5 Pbo.8HP0 4 


382 


93 




Feo^PboeHPOA 


374 


94 


10 


Nio.2Pbo.8HP0 4 


368 


93 




Co 05 Pb a8 HPO 4 


376 


92 




Mno2Pbo.sHP0 4 


374 


93 


15 


Tio 2 Pbo 7 HP0 4 


369 


94 




Cuo^Pbo.8HP0 4 


371 


93 




Cro. 2 Pbo.7HP0 4 


368 


95 


20 


Vo2Pbo.eHP0 4 


365 


93 


WaiPbo. 8 HP0 4 


345 


93 



Table 27 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


Sn 2 (P 2 O 7 ) a 9(HPO 4 )05 


495 


82 


SngCPgO/fcetHPOJo^ 


490 


88 


Pb 2 (P 2 07)o.9(HP0 4 )o5 


425 


80 


Pb2(P 2 0 7 )o.8(HP0 4 ) 0 . 4 


422 


82 



35 

After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 7. 

The batteries using the metal or semi-metal hydrogenphosphate, phosphinate, or phosphonate of Example 7 as 
40 the anode active material have the improved cycle characteristics, compared with the prior art metal oxides. 

Example 8 

The electrode characteristics of various metal and semi-metal cyanides, cyanates, and thiocyanates specified in 
45 Tables 28 through 30 and used as the anode active material were evaluated in Example 8. 

Tables 28 through 30 show the discharge capacities of the test cells and the capacity maintenance rates of the 
cylindrical batteries at the 100-th cycle measured under the same conditions as those of Example 1. 



Table 28 



Salt 


Discharge capacrty 


Capacity maintenance 




(mAh/g) 


rate(%) 


AI(CN>3 


382 


76 


AI(SCN)3 


286 


82 


AI(ONC>3 


364 


80 
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Table 28 (continued) 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


Sn(CN) 4 


529 


85 


Sn(SCN) 4 


326 


92 


Sn(ONC) 4 


436 


90 


Sn(CN>2 


537 


82 


Sn(SCN)2 


487 


95 


Sn(ONC) 2 


506 


93 


Si(CN) 4 


315 


76 


Si(SCN) 4 


292 


82 


Si(ONC) 4 


310 


79 


Pb(CN)2 


454 


82 


Pb(SCN)2 


346 


88 


Pb(ONC) 2 


386 


87 


Cd(CN)2 


372 


75 


Cd(SCN)2 


315 


79 


Cd(ONC) 2 


340 


79 


Bi(CN) 3 


324 


75 


Bi(SCN) 3 


286 


86 


Bi(ONC>3 


316 


80 


ln(CN) 3 


412 


82 


ln(SCN) 3 


375 


89 


ln(ONC)3 


369 


86 


2n(CN)2 


315 


76 


ZntSCNfc 


285 


83 


ZntONCfc 


310 


79 


Ga(CN) 3 


348 


74 


Ga(SCN) 3 


302 


79 


Ga(ONC) 3 


326 


76 


Ge(CN) 4 


390 


78 


Ge(SCN) 4 


352 


86 


Ge(ONC) 4 


389 


82 


Mg(CN) 2 


320 


79 


Mg(SCN) 2 


289 


89 


Mg(ONC) 2 


341 


85 
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Table 29 



Salt 


Discharge capacity 
(nAh/g) 


Capacity 
maintenance rate(90 


Ti(CN)j 


2 6 5 


7 5 


T i (S C N)» 


2 5 1 


7 7 


T i (ON C)» 


2 6 3 


7 5 


V(CN>2 


2 7 5 


8 1 


V(SCN)i 


2 4 5 


8 2 


V(ONC)i 


2 6 3 


8 0 


Mn(CN). 


2 7 8 


8 2 


Mn(SCN). 


2 6 1 


87 


Mn(ONC)« 


2 7 5 


8 5 


Sb(CN)» 


3 1 5 


7 6 


Sb(SCN)» 


28 1 


8 0 


S-b(ONC), 


2 9 8 


78 
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Table 29 -continued 



Salt 


Discharge capacity 
(mAh/g) 


Capacity 
maintenance rate(%) 


C r(CN) 3 


3 0 1 


8 2 


C r(SCN), 


2 7 5 


8 4 


C r (ON C) 3 


2 8 0 


8 3 


Fe(CN): 


2 6 9 


7 5 


Fe(SCN)j 


2 4 5 


7 9 


F e (ON C)i 


2 5 7 


7 9 


W(CN)« 


2 1 5 


8 1 


W(SCN>4 


2 0 1 


8 2 


W(ONC)« 


2 1 0 


8 1 


Co(CN). 


2 6 9 


7 8 


Co(SCN)* 


2 4 5 


8 4 


Co(ONC). 


2 5 3 


8 0 


N i (CN) a 


2 7 5 


8 2 


N i (SCN)» 


2 5 7 


8 6 


N i (ON C)» 


2 6 1 


8 1 


Cu(CN)» 


2 5 1 


7 7 


C u(SCN)* 


2 3 5 


8 0 


Cu(ONC). 


2 4 6 


7 8 


Mo(CN). 


2 3 5 


7 7 


Mo(SCN)» 


2 1 1 


7 9 


Mo(0NC)» 


2 2 5 


7 7 


Ca(CN)* 


3 2 5 


78 


Ca(SCN). 


3 1 4 


8 4 


Ca(ONC). 


3 2 2 


8 0 


B a(CN)» 


3 3 3 


7 9 


B a(SCN)j 


3 0 1 


87 


B a(ONC)* 


3 1 1 


8 1 


Nb(CN)i 


2 2 2 


8 2 


Nb(SCN). 


2 0 1 


8 3 


Nb(ONC). 


2 1 6 


8 1 


S r(SCN). 


3 1 4 


8 4 


S r (ON O* 


3 2 2 


8 0 



Table 30 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


ZnSn(CN) 4 


402 


87 
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Table 30 (continued) 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


MgSn(SCN) 4 


382 


92 


CaSn(SCN) 4 


382 


92 


Sr(SCN) 4 


382 


92 


FeSn(ONC) 4 


376 


91 


NiSn(CN) 4 


398 


88 


CoSn(SCN) 4 


375 


93 


MnSn(ONC) 4 


390 


92 


TiSn(CN) 5 


385 


87 


CuSn(SCN) 4 


360 


93 


NiPb(CN) 4 


382 


83 


CoPb(SCN) 4 


362 


85 


MnPb(ONC) 4 


375 


84 


ZnPb(CN) 4 


395 


84 


MgPb(SCN) 4 


376 


89 


CaPb(SCN) 4 


376 


89 


SrPb(SCN) 4 


376 


89 


FePb(ONC) 4 


375 


89 


TiPb(CN)5 


376 


84 


CuPb(SCN) 4 


326 


89 


Culn(CN) 5 


355 


84 


Feln(SCN) 5 


335 


91 


Coln(ONC) 5 


345 


88 


Mgln(CN) 5 


365 


85 


CuBi(CN) 5 


324 


78 


FeBi(SCN) 5 


315 


87 


BaBi(ONC) 5 


320 


83 


CaBi(CN) 3 


321 


77 


MgK(CN>3 


315 


78 



After the conclusion of cathode polarization of the test celts in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 8. 

The batteries using the metal or semi-metal cyanide, cyanate, or thiocyanate of Example 8 as the anode active 
material have the improved cycle characteristics, compared with the prior art metal oxides. 

Example 9 

The electrode characteristics of various metal and semi-metal tungstates specified in Table 31 and used as the 
anode active material were evaluated in Example 9. 

Table 31 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 1 00-th cycle measured under the same conditions as those of Example 1 . 
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Table 31 



5 


San 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 




Ab(W0 4 )3 


292 


86 




AIW0 4 


301 


83 


10 


SnW0 4 


477 


94 


SngWsOs 


436 


95 




SntWO^ 


402 


96 




Si(W0 4 >2 


282 


95 


15 


PbW0 4 


405 


95 




PbW03 


419 


94 




CdW0 4 


326 


91 


20 


CdWOg 


345 


90 




382 


90 




Bio(W0 4 )3 


368 


92 




ln2(W0 4 )3 


426 


90 


25 


ln(W03) 3 


398 


94 




Sbo(W0 4 ) 3 


350 


90 




ZnW0 4 


208 


86 


30 


ZnWOo 


226 


89 






321 


89 




Ga2(W03)3 


333 


88 




GefWCMo 


341 


89 


35 




353 


86 




MgW0 4 


301 


87 




MgW0 3 


313 


86 


40 


CaW0 4 


301 


87 




CaW03 


313 


86 




SrW0 4 


301 


87 




SrWOa 


313 


86 



45 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 9. 

The batteries using the metal or semi-metal tungstate of Example 9 as the anode active material have the improved 
so cycle characteristics, compared with the prior art metal oxides. 

Example 10 

The electrode characteristics of various metal and semi-metal morybdates specified in Table 32 and used as the 
55 anode active material were evaluated in Example 10. 

Table 32 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 100-th cycle measured under the same conditions as those of Example 1. 
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Table 32 





Salt 


Discharge capacity 


Capacity maintenance 


5 




(mAh/g) 


rate(%) 




Al2(Mo0 4 )3 


302 


87 




SnMogOs 


426 


94 


10 


SnMo0 4 


472 


92 


SiMc^Os 


340 


90 




PbMo0 4 


456 


94 




CdMo0 4 


346 


91 


15 


Bl2(M00 4 )3 


402 


93 




Ir^MoO^ 


436 


94 




lnMo 4 0 6 


398 


96 


20 


Sb^MoO^ 


348 


90 


ZnMo0 4 


268 


87 




3a 2 (Mo0 4 )3 


359 


89 




GeMo0 4 


371 


90 


25 


MgMo0 4 


324 


88 




CaMo0 4 


324 


88 




SrMoQ 4 


324 


88 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 10. 

The batteries using the metal or semi-metal molybdate of Example 10 as the anode active material have the 
improved cycle characteristics, compared with the prior art metal oxides. 

35 

Example 11 

The electrode characteristics of various metal and semi-metal titanates specified in Table 33 and used as the 
anode active material were evaluated in Example 1 1 . 
40 Table 33 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 1 0O-th cycle measured under the same conditions as those of Example 1 . 



Table 33 



45 


Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 




Amo 5 


326 


73 




SnTi0 4 


443 


82 


50 


SffiOa 


321 


75 




PbTiQg 


476 


80 




PbTisOy 


402 


81 


55 


CaTi03 


354 


76 




B2T1O5 


498 


81 






424 


82 
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Table 33 (continued) 





Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


5 




478 


83 




SbsTigOu 


369 


80 




ZnT103 


324 


76 




GaT10 5 


371 


75 


10 


GeTiC>3 


380 


74 




MgT10 4 


334 


71 




CaT10 4 


334 


71 


15 


SrT10 4 


334 


71 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 1 1 . 
20 The batteries using the metal or semi-metal titanate of Example 1 1 as the anode active material have the improved 
cycle characteristics, compared with the prior art metal oxides. 

Example 12 

25 The electrode characteristics of various metal and semi-metal zirconates specified in Table 34 and used as the 
anode active material were evaluated in Example 12. 

Table 34 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 1 00-th cycle measured under the same conditions as those of Example 1 . 



30 

Table 34 





Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


35 




304 


71 




SnZrOa 


484 


78 




SiZr0 4 


342 


76 




PbZrQs 


466 


77 


40 


CdZrOa 


357 


71 




B^ZrOafe 


419 


77 




IngfZrO^a 


443 


78 


45 


SbzfZrOafc 


354 


75 




ZnZrOg 


294 


73 




GaztZrQafc 


372 


74 




GeZrQa 


379 


72 


50 


MgZrOa 


339 


73 




CaZrOj 


339 


73 




SrZrOg 


339 


73 



55 

After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 12. 

The batteries using the metal or semi-metal zirconate of Example 12 as the anode active material have the 
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improved cycle characteristics, compared with the prior art metal oxides. 
Example 13 

s The electrode characteristics of various metal and semi-metal vanadates specified in Table 35 and used as the 
anode active material were evaluated in Example 13. 

Table 35 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 100-th cycle measured under the same conditions as those of Example 1 . 



10 

Table 35 





Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


15 


AIV0 4 


319 


82 




SnV 2 0 6 


452 


89 




SngVgOe 


489 


87 




SiV 2 07 


324 


84 


20 


PbzVgOe 


477 


86 




PbV 2 O e 


427 


88 




CdV 2 0 6 


326 


83 


25 


KVO4 


436 


86 




Bi 2 V0 5 


496 


85 




lnV0 4 


498 


85 




IngVOs 


504 


83 


30 


SbV0 4 


354 


83 




ZnV 2 0 6 


311 


81 




GaV0 4 


368 


83 


35 


GeV 2 0 6 


341 


84 




Mgv 2 o 6 


312 


79 




CaV 2 O e 


312 


79 


An 


SrV 2 0 6 


312 


79 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 1 3. 

The batteries using the metal or semi-metal vanadate of Example 13 as the anode active material have the 
45 improved cycle characteristics, compared with the prior art metal oxides. 

Example 14 

The electrode characteristics of various metal and semi-metal chromates specified in Table 36 and used as the 
50 anode active material were evaluated in Example 1 4. 

Table 36 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 1 00-th cycle measured under the same conditions as those of Example 1 . 



55 
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Table 36 



Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 


AICr0 3 


342 


87 


SnCr0 4 


463 


94 


Sf^CrOe 


504 


92 


SifCrO^ 


341 


89 


o o 


511 


91 


PbCr0 4 


484 


93 


CdCr 2 04 


324 


87 


BiCr0 3 


432 


91 


BioCrOfi 

C. O 


426 


93 


lnCr03 


445 


92 


Ir^CrOg 


486 


90 


Sb2(Cr0 4 )3 


352 


88 


ZnCr0 4 


336 


87 


Ga 3 (Cr0 4 )2 


381 


86 


GeCr0 4 


382 


85 


MgCr^ 


304 


87 


CaOgOy 


304 


87 


SrCr 2 07 


304 


87 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 14. 

The batteries using the metal or semi-metal chromate of Example 14 as the anode active material have the 
improved cycle characteristics, compared with the prior art metal oxides. 

Example 15 

The electrode characteristics of various metal and semi-metal niobates specified in Table 37 and used as the 
anode active material were evaluated in Example 15. 

Table 37 shews the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
teries at the 100-th cycle measured under the same conditions as those of Example 1. 



Table 37 



Salt 


Discharge capacity 
(mAhta) 


Capacity maintenance 
rate(%) 


AINb0 4 


324 


71 


SnNb^Oe 


424 


75 




468 


74 


SiNb0 4 


342 


71 


PbNbaOe 


403 


74 


PbsNbzCV 


426 


72 
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Table 37 (continued) 





Salt 


Discharge capacity 
(mAh/q) 


Capacity maintenance 
rate(%) 


5 




314 


71 




BiNb0 4 


415 


73 




lnNb0 4 


445 


74 




SbNbOvi 

Will Vl/wA 


370 


73 


10 


ZnNb20 6 


204 


71 




GaNb0 4 


364 


72 




GeNb20 6 


368 


73 


15 


MgNb20 6 


301 


72 




CaNb20 6 


301 


72 




SrNb20 6 


301 


72 



20 After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
deposit of metallic lithium was observed in any of the test cells of Example 15. 

The batteries using the metal or semi-metal niobate of Example 15 as the anode active material have the improved 
cycle characteristics, compared with the prior art metal oxides. 

25 Example 16 

The electrode characteristics of various metal and semi-metal tantalates specified in Table 38 and used as the 
anode active material were evaluated in Example 16. 

Table 38 shews the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
30 teries at the 1 00-th cycle measured under the same conditions as those of Example 1 . 



Table 38 





Salt 


Discharge capacity 


Capacity maintenance 


35 




(mAh/g) 


rate(%) 




ATTa0 4 


302 


81 




SngTa^ 


476 


88 


40 


SiTa 2 C>7 


272 


82 




Pt^Ta^ 


406 


87 




CcfeTa^ 


314 


84 




BiTa0 4 


404 


86 


45 


lnTa0 4 


446 


85 




SbTa0 4 


364 


85 




Zr^Ta^ 


246 


83 


50 


GaTa0 4 


356 


81 




Ge2Ta207 


346 


81 




Mg 2 Ta207 


304 


79 




Ca 2 Ta207 


304 


79 


55 


Sr 2 Ta207 


304 


79 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
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deposit of metallic lithium was observed in any of the test celts of Example 1 6. 

The batteries using the metal or semi-metal tantalate of Example 16 as the anode active material have the 
improved cycle characteristics, compared with the prior art metal oxides. 

5 Example 17 

The electrode characteristics of various metal and semi-metal manganates specified in Table 39 and used as the 
anode active material were evaluated in Example 17. 

Table 39 shows the discharge capacities of the test cells and the capacity maintenance rates of the cylindrical bat- 
to teries at the 1 00-th cycle measured under the same conditions as those of Example 1 . 



Table 39 



15 


Salt 


Discharge capacity 
(mAh/g) 


Capacity maintenance 
rate(%) 




A^MnOe 


326 


80 




SnMn03 


486 


89 


20 


SnMn20 4 


424 


90 




SiMn03 


314 


81 




PbMn0 3 


443 


87 




CdMnOs 


369 


82 


25 


Bi 2 Mn0 4 


424 


84 




B^MnOg 


412 


86 




lrt2Mn0 4 


461 


84 


30 


lri2Mn0 6 


452 


84 




Sb2Mn0 4 


392 


83 




SbgMnOe 


376 


84 




ZnMn0 3 


314 


81 


35 


Ga 2 Mn0 4 


386 


81 




GeMnOs 


349 


82 




MgMn03 


326 


78 


40 


CaMnQ3 


326 


78 




SrMn0 3 


326 


78 



After the conclusion of cathode polarization of the test cells in the tenth cycle, the test cells were decomposed. No 
45 deposit of metallic lithium was observed in any of the test cells of Example 1 7. 

The batteries using the metal or semi-metal mangartate of Example 17 as the anode active material have the 
improved cycle characteristics, compared with the prior art metal oxides. 

Although all the above examples refer to the cylindrical batteries, the principle of the present invention is not 
restricted to this structure but may be applicable to secondary batteries of various types, such asd coin-type, rectangu- 
so lar-type, and cylinder-type. 

In the above examples, LiMn., 8 Coo 2 0 4 was used as the cathode active material. The similar effects can be exerted 
for a variety of other cathode active materials allowing reversfcle charge and discharge operations, such as LiMn20 4 , 
UC0O2. LiNi02. and the like. 

As discussed above, the present invention uses an anode of high capacity and excellent cycle life and thereby pro- 
55 vides a non-aqueous electrolyte secondary battery that is free of a short circuit due to dendrite and has a higier energy 
density and a high reliability. 
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Claims 



1. A non-aqueous electrolyte secondary battery comprising a cathode capable of being charged and discharged, a 
non-aqueous electrolyte, and an anode capable of being charged and discharged, said anode having an active 

s material that comprises a salt of a metal or a semi-metal and a compound selected from the group consisting of 
oxo-arids, thiocyanic acid, cyanogen, and cyanic acid, wherein each said oxo-acid comprises an element selected 
from the group consisting of nitrogen, sulfur, carbon, boron, phosphorus, selenium, tellurium, tungsten, molybde- 
num, titanium, chromium, zirconium, niobium, tantalum, manganese, and vanadium, salts of said oxo-acids of 
phosphorus and boron being restricted to hydrogenphosphates and hydrogenborates. 

10 

2. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said anode comprises a mix- 
ture of said active material, carbon material, and a binding agent 

3. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said metal or semi-metal is at 
is least one selected from the group consisting of Al, Sn, Si, Pb, Cd, Bi, In, Zn, Mg, Ge, Ga, Ca, Ba, Sr, B, Ir, Sb. Tl, 

V, Cr, Mn, Fe, Co, Ni, Cu, Mo, W, and Nb. 

4. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said metal salt or semi-metal 
salt of said oxo-acid of nitrogen is at least one selected from the group consisting of nitrates and nitrites. 

20 

5. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said metal salt or semi-metal 
salt of said oxo-acid of sulfur is at least one selected from the group consisting of sulfates, sulfites, disuliates, per- 
oxomonosulfates, peroxodisulfates, thiosuHates, cfithionates, disunites, thiosuff ites, drthionites, and sulfoxylates. 

25 6. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said metal salt or semi-metal 
salt of said oxo-acid of phosphorus is at least one selected from the group consisting of monohydrogenphosphates, 
dihydrogenphosphates, phosphinates, and phosphonates. 

7. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said metal salt or semi-metal 
30 salt of said oxo-acid of boron is at least one selected from the group consisting of monohydrogenborates and dihy- 

drogenborates. 

8. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said metal salt or semi-metal 
salt of said oxo-acid of selenium is at least one selected from the group consisting of selenates M 2 (Se0 4 ) m , 

35 selenrtes M 2 (Se03) m , M2(Se0 5 ) m , M(HSe0 4 ) m , and M(HSeQ3) m , where M denotes a metal or semi-metal having 
a valence m. 

9. The non-aqueous electrolyte secondary battery in accordance with claim 1 , wherein said metal salt or semi-metal 
salt of said oxo-acid of tellurium is at least one selected from the group consisting of M 6 (Te0 6 ) m , M 2 (Te04) m , 

40 M 5 (H 5 Te06)m. M 4 (H 2 Te0 6 ) m , ^(HsTeO^m. and M2(H 4 Te0 6 ) m , where M denotes a metal or semi-metal having a 
valence m.2 
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FIG. 1 
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FIG. 2 
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